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CONCLUSION 

The ETS and lung cancer epidemiology has been the main basis for the claim that 
ETS can cause lung cancer in non-smokers. To date, there have been some 37 
epidemiological studies on ETS and lung cancer which have been sufficiently well 
reported to justify their consideration. The vast majority of these studies did not 
report overall statistically significant results and thus chance cannot be ruled out as an 
explanation for their findings. Those which have reported marginally significant 
results have generally failed adequately to account for alternatives to the causal 
hypothesis. When all of these studies are considered, and even when meta-analysis is 
applied, the epidemiological data does not support an inference of causality or even of 
genuinely elevatedlrisk. 


Other published work has addressed the plausibility of the claim based on biological 
or chemical information. There is no agreement on a definition of ETS or how it 
should be measured. Since measurements that have been made show significant 
chemical and physical differences between MS* SS and ETS, the claim that ETS poses 
health risks to non-smokers cannot be supported by extrapolation from the reported 
risks of MS!. Attempts have been made to quantify exposure to ETS, but the only 
method that has been used widely in the epidemiological! studies involves 
questionnaires, which is demonstrably seriously flawed. Alternative assessments of 
exposure have included ambient measurements of various chemicals, but these 
techniques have also been reported to be problematic. Recent studies using personal 
monitoring of tobacco-specific components have reported a much lower level! of 
exposure than has often been postulated, and highlight the difficulty of subjective 
assessment. 
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Biological markers have also been used to assess exposure to ETS, but the problems 
of such assessment are substantial. At best, the use of such markers has highlighted 
the surprising degree of misclassification of smokers as non-smokers, which has 
important implications for the interpretation of the ETS and lung cancer 
epidemiolbgy. 

Overall, foe scientific evidence does not support foe claim that ETS exposure is a 
cause of lung cancer in non-smokers. 


TMA 

August 1994 
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INTRODUCTION 

The material being submitted by the TMA for this review follows the request of the 
SCOTH Secretariat - namely concentrating on peer-reviewed science, published since 
theFourth Reportiof the ISCSH (1988) or not taken into account in their report. 

This volume follows on from the previous two volumes, which between them cover 
issues related to epidemiological studies on ETS and lung cancer. Such studies have 
been the main basis for the claim that ETS can cause lung cancer - howeveF our 
contention in the previous volumes was that the epidemiological studies do not 
support this claim, whether considered individually or in combination through meta¬ 
analysis. 

Other published work has addressed the plausibility of the claim, based on biological 
or chemical information. This volume provides materials on these aspects. Section 2 
provides studies on the chemistry and physics of mainstream smoke (MS), sidestream 
smoke (SS) and ETS, showing how different they are both quantitatively and 
qualitatively; 

Virtually all of the epidemiological studies used questionnaires to assess exposure, 
usually involving the recollection of a relative. Section 3 contains studies showing the 
inherent problems in the accuracy of such reported exposures. Personal monitoring 
studies Eire included! and these highlight some of the errors in questionnaire-based 
assessment. The degree of misclassification of smokers reported to be non-smokers, 
documented in Volume 2, has been shown in some of the studies cited here to be 
rather highland this influences the interpretation of epidemiological studies. 
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The uptake of chemicals present in ETS is not well understood, and the US EPA 
commented that it was too early for studies on this subject to be useful. One result of 
cotinine measurements in “non-smokers” has, however, been to identify an 
unexpectedly high degree of smoker/non-smoker misclassification. Section 4 
provides some such studies, including a wide-ranging unpublished review of relevant 
literature which was commissioned by the TMA. 

We are not aware of any laboratory animal ETS inhalation studies. ETS is too 
unstable a mixture, and its real life concentration too low, for it to be suitable for such 
studies. Despite the differences between ETS and (SS), acute and chronic exposure 
studies have been carried out using aged and diluted SS as a surrogate for ETS in 
animal inhalation tests. The studies, included in Section 5, reported no irreversible 
effects, and only limited changes of any sort, and these are unrelated to events in the 
multistage process of carcinogenesis. 

Section 6 comprises a review of many of the aspects covered in these sections. 

The overall evidence, as presented in the three volumes, is summarised briefly in the 
conclusion immediately preceding this introduction. 


N 

© 

fO 

to 

to 

CO 

© 

to 


Source: https://www.industrydocuments.ucsf.edu/docs/ffnmOOOO 



SECTION 2 



COMPOSITION 


N 

O 

rc 

I 


ro 


Source: https://www.industrydocuments.ucsf.edu/docs/ffnmOOOO 






SCOTH REVIEW- VOLUME 3 


SECTION 2 
COMPOSITION 

Although there is no stable chemical definition of ETS, it is clear that it differs 
substantially from MS and SS. ETS can be defined as a continually c hangin g, ageing, 
and heavily diluted mixture of S S and the remnants of MS exhaled by smokers. 


The papers in this section discuss the composition of ETS, and highlight the chemical 
and'physical differences between ETS, MS and SS 1 . 


1 Further discussion of this issue can be found in Guerin et al, The Chemistry of Environmental 
Tobacco Smoke which is submitted under separate cover. 
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The Aging of Sidestream Tobacco Smoke Components 
in Ambient Environments 

R. R. Rawbone, W. Burns, and G. Haslet* 


Summary 

A large number of sidestream smoke components have been measured over a 50^min 
time period in a well-defined experimental room. The results show a variable rate of 
decay following smoking which would suggest that extrapolation from a single 
measured “marker" to other potential smoke components should be performed with 
caution. 


Introduction 

Environmental tobacco smoke is a dynamic aerosol and its characteristics, both physical 
and chemical, depend on a number of factors; these include the elapsed time since its 
formation, whether the smoke plume is allowed to fully, form before dispersion and the 
more general dilution within the ambient environment [1]. In terms of a single point 
sampling site the resultant measurement value will therefore not only depend upon the 
characteristics of the environment and I the number and manner of cigarettes being 
smoked but also upon both temporal and spatial factors of the sampling position relative 
to the smoking. 

This dynamic nature of the aerosol results not only in a loss of volatile components, 
including nicotine, from the particles to the vapour phase, but also in a complex and' 
variable behaviour of the individual chemical components which manifests in their 
exhibiting different decay characteristics. This is of importance in the interpretation of 
ambient air studies which are generally limited to the measurement of one or two 
environmental tobacco smoke markers. 

The objective of this paper is to demonstrate this variability in decay patterns for a 
series of chemical measurements over a 50-min period following smoke generation in a 
well defined experimental room. 


Materials and Methods 

Smoke was generated using a modified smoking head from aBattelle rotary smoking 
machine [2] in a specially constructed room with a volume of about 48,000 litres. The 
internal I walls, ceiling and floor were coated with a!sealant paint and there was a single 
door with no windows, other than a seated observation port; all other access, including 
that for electricity supply and air sample collection, was through seated ducting. During 
the cunient'studies there was no active ventilation in the room and furniture was kept to a 
minimum. Temperature and humidity were monitored continuously. 


H. Kasuga (Ed.) Indoor Air Quality 
© Sp ringer-Verl&g, Berlin Heidelberg 1990 
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At the start of!each experiment 16 cigarettes, with a standard mainstream delivery of 
17 mg tar (PMWNF), were smoked on the rotary smoker to the reference conditions of 
one 35 ml puff of 2 s duration every minute. The mainstream smoke was ducted away and 
the sidestream smoke, after formation of the plume, mixed into the room by a series of 
flans. In order to maintain a constant carbon monoxide level in the room throughout a 50- 
min-study period, as a standard condition, single cigarettes were smoked subsequent to 
the initial 16 cigarettes being extinguished. The time at which the initial cigarettes were 
extinguished was also taken as time zero for the commencement of chemical measure¬ 
ment. 

Ambient chemistry in the room was measured using the following techniques which 
have also been employed, for comparative purposes, in a benehtop collection device [3] 
for the measurement of freshly generated sidestream smoke: 

Carbon monoxide was measured continuously using a non+dispersive infra-red 
analyser (Analytical Development Coj, Model RFA/l ). 

Nicotine, which is distributed between the particulate and! vapour phases, was 
measured as total nicotine by collection into a Tenax trap over 5-min-sampling periods, 
with subsequent thermal desorption and gas chromatographic analysis (Perkin Elmer, 
ATD50). 



TIME (mins) 



0 110' 20 30 40 50 

TIME (mins) 


Fig. 1 . a Changes in ambi* 
ent concentrations of car¬ 
bon monoxide and “Mini* 
ram” particulates, b Chan¬ 
ges in ambient concentra¬ 
tion of nicotine 
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Particulates were measured using the MINIRAM (Miniature Real-time Aerosol 
Monitor, GCA Corporation, Model PDM-3>, a light scattering device which samples 
over 10-s-time periods. This instrument gives a quantitatively high result because of its 
sensitivity,to particlb size distribution and its dependence upon a relevant calibration [4J. 

Ammonia was measured continuously using a selective ion electrode. 

A "whole smoke” gas chromatographic profile was obtained by actively drawing the 
ambient atmosphere through standard Perkin Elmer ATD50 tubes packed with Tenax 
TA, 60-80 mesh for a 15-mm-period at a flbw rate of 300ml/min. The Tenax was then 
thermally desorbed in two stages onto a 50 m mixed Ucon phase capillary column. Values 
for 33 distinct peaks were calculated as the peak area relative to that of the Internal 
Standard (Dimethyl Furan), these included Acetone, Acrolein, Acetonitrile, Pyridine 
and 3-vinyl pyridine. 

A "phenolic profilt” was obtained by drawing the atmosphere through a small 
Cambridge filter pad for 10 min at a flow rate of 201/min.Thepad was then silylated using 
BSTFA andDigol was ad did as an Internal Standard. This was then heated for 1 h at 80 °C 
and run on a 25m SE54 capillary column. Values for 26 peaks, including Catechol, 
Glycerol, and Hydtoquinone were calculated with reference to the Internal Standard. 


Results 

Figures la and lb show the results for nicotine, carbon monoxide and Miniram 
particulates. The carbon monoxide levels remain constant at the relatively high level of 
22:ppm throughout the 5(Tmin-study period, this being consequent upon the defined 


Fig. 2. Changes in ambient 
concentration of nicotine and 
ammonia 
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Fig. 3. Changes in ambient 
concentration of Catechol, 
Glycerol] and Hydro- 

0 1 0 20 3 0 4 0 50 quinone 

TIME (mins) 

smoking regimen. The particuIhte levels can be seen to fall by about 15 % and this is most 
likely accounted for by the loss of volatile materials to the ambient atmosphere. In 
contrast to this relatively small decline in particulate levels however is the rapid fallen 
airborne nicotine levels which decay to less than 20% of their initial value. 

Figure 2 shows that the levels of ammonia exhibit a similar rapid dtcay to that seen for 
nicotine. 

Examples from the analysis of the “phenolic profilt” are given in Fig: 3 which 
illustrates the decay of Catechol together with Glycerol land Hydroquinone. These results 
draw attention to the fact that whilst the majority of components appear to show an ^ 
exponential decay pattern this is not invariable and as an example Hydroquinone v 
appears to decay over this time period in a linear fashion. 

Because of the longer periods over which the “whole smoke" profile samples are 
obtained it is not possible to display the changes graphically. Comparing the time periods 
0-15 min with 30-45 min gives some idea of the variability in rates of decay. These are 
illustrated'in Table 1 where the percentage change of individual peak areas between the 
two periods can be seen to range from 0%to 40%j j 

Of the 50 plus components of sidestream smoke examined in these studies in no case 
was any component found to increase over the 50-min-time period. 
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Tiablel. Levels of major components in the “ whole smoke" profile of an ambient air sample and 
their % change over a 45+min-time period 


Peak No. 

Identification 

15-30-min- 

value 

45-60-min- 

value 

% change 

1 


1.51 

L64 

- 5 

2 


0.62 

0.61 

-13 

3 


4.40 

3.94 

-22 

4 


0.65 

0/74 

0 

5 


0.52 

0.46 

-22 

6 


0.36 

0.30 

-27 

7 

Acetone 

0.77 

0.87 

0 

S 

Acrolein 

0.34 

0.38 

- 3 

9 


1.28 

1.22 

-16 

10 

Pyridine 

1.05 

1.10 

- 8 

11 

Acetonitrile 

0.67 

0.68 

-111 

12 


0.68 

0.58 

-25 

13 

Benzene 

2.66 

2.36 

-22 

14 


0.52 

0.53 

-10 

15 

Int. Standard 

1.00 (33.5) 

1.00(29.4) 


16 

Tohiene 

4.51 

5.20 

0 

17 


0.79 



18 


2.31 

1.93 

-27 

19 


2.29 

1.73 

-34 

20 

3^Vinyl pyridine 

0.70 

0.76 

- 5 

21 i 

Phenol 

1.99 

2.28 

0 

22 


2.25 

1175 

—32 

23 


0.89 

0.75 

-26 

24! 


1.20 

1.00 1 

-27 

25! 


1131 

1.23 

-17 

26! 


3.53 

3.00 

-25 

27 


1.92 

1.90 

-13 

28 


1.45 

1.40 

-15 

29 


1.83 

1.56 

-25 

30 


2:01 

1.68 

-27 

31 


1.64 

1L25 

-33 

32 


1.02 

0.74 

-36 

33 


0.65 

0.44 

-40 



Values presented ! were calculated by the (peak area of component)/(peak area of Internal 
Standard). Values in brackets were the actual peak areas. The % change between the results allows 
for the differences in value for the Internal Standard 


Discussion 

The results presented in this paper dearly demonstrate the variability in the decay pattern 
for individual components of environmental tobacco smoke. Although the measure¬ 
ments were made in an experimental situation at a relatively high ambient smoke lbvel 
this variability would certainly be encountered in the real-life situationi 

It is thus clear that to make extrapolations from the measurement of a single marker 
to the behavior of other smoke components involves an assumption which is likely to be 
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benchtop apparatus and (b) environmental tobacco smoke following the dispersion of sidestream 
smoke from 16 cigarettes 


invalid. One further point can be noted from a comparison between fresh sidtstream 
smoke measured in a benchtop apparatus and sidestream generated in the experimental 
room. This is illustrated in Fig, 4 which presents the whole smoke profiles obtained in a 
Keith apparatus with that taken in the experimental room immediately following the 
smoking ofthe 16 cigarettes. The four components labelled A, B, G and B, which have 
been provisionally identified as Furan, Acetone, Acrolein and Acetonitrile, are among: 
those which can be seen to have greatly reduced levels in the room relative to those in the 
benchtop collection device. Although these components appear in fresh smoke their 
apparent decay is so rapid that they may not be seen to any significant extent in rooiirair. 


Conclusions 

1) Environmental tobaccosmokeis a dynamic aerosol which .exhibits both temporal and 
spatial variation] 

2) Each ofithe components of smoke measured has its own decay rate and pattern. 
Relative to carbon monoxide and particulates, nicotine and ammonia have rapid 
decay rates: 

Other components* which probably include Acrolein, decay at an even faster rate and 
high airborne levels are probably never achieved. 

3) Extrapolations from benchtop sidestream measurement to room air based on simple 
dilution calculations is unlikely to provide valid information., 

4) Extrapolations from a measured “marker” in ambient air studies to other potential 
smoke components should be performed with caution. 
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THE ORIGINS AND PROPERTIES OF 
ENVIRONMENTAL TOBACCO SMOKE 


Richard R. Baker and Christopher J. Proctor 

BAT(UK&E) Ltd., Research & Development Centre, Southampton, S09 1PE, U.K. 


El 89Q6-186M (Received 16 June 1989; accepted 1 December 1989) 


Environmental tobacco smoke (ETS) is formed from cigarettes as sidestream and exhaled main¬ 
stream smoke diffuse into ambient air. Detailed studies are reviewed which describe how side- 
stream smoke is formed, its acceleration away from the cigarette and its chemical properties. As 
the smoke streams diffuse into the atmosphere they become greatly diluted and physical and 
chemical changes occur. A quarter of the material in sidestream particles evaporates, so that ETS 
nicotine is virtually entirely in the vapour phase, and'the particles shrink* As cigarettes are 
xmokedi the levels of ETS components rise and then fall exponentially due to air exchange and 
deposition of smoke particles onto surfaces. The decay of ETS alio depends on the particular 
component, with nicotine decaying faster than other substances. In real-world environments, ETS 
is found along with chemicals and particles from many sources. Studies are reviewed which 
quantify the contribution of ETS to various indoor air environments. These include determination 
of the ETS proportion of total respirable particles, measurement of nicotine as a specific ETS 
marker, and comparisons of chemicals present in matched smoking and nonsmoking environ¬ 
ments. The ETS contribution of volatile organic compounds in air is much lbss than that from 
other sources; The review emphasises the need fof tobacco specific analytes to be uied a* ETS 
markers and/or to apportion ETS particulate matter from total particulate matter in the atmo¬ 
sphere. 
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Environmental tobacco smoke (ETS) ii formed from cigarettes as sidestream and exhaled main¬ 
stream smoke diffuse into ambient air. Detailed studies are reviewed which describe how side- 
stream smoke is formed. its acceleration away from the cigarette and its chemical properties. As 
the smoke streams diffuse into the atmosphere they become greatly diluted and physical and 
chemical changes occur. A quarter of the material in sidbstream particles evaporates, so that ETS 
nicotine is virtually entirely in the vapour phase, and the particles shrink. As cigarettes are 
smoked, the levels of ETS components rise and then fall exponentially due to air exchange and 
deposition of smoke particles onto surfaces. The decay of ETS also depends on the particular 
component, with nicotine decaying faster than other subs tances. In real-world environments, ETS 
is found along with chemicals and particles from many sources. Studies are reviewed which 
quantify the contribution of ETS to various indoor air environments. These include determination 
of the ETS proportion of total respirablfe particles, measurement of nicotine as a specific ETS 
marker, and comparisons: of chemicals present in matched smoking and nonsmoking environ¬ 
ments; The ETS contribution of volatile organic compounds in air is much less than that from 
other sources. The review emphasises the need for tobacco specific analytes to be used as ETS 
markers and/or to apportion ETS particulate matter from total particulate matter ini the atmo¬ 
sphere. 


INTRODUCTION 

Environmental Tobacco Smoke, ETS, has received 
considerable attention in recent years. ETS is the 
complex mixture of chemical^ found in air as a spe¬ 
cific result of tobacco smoking (Nystrom and Green 
1986). Some reports have claimed that exposure to 
ETS can be harmful to the health of nonsmokers 
(USSG 1986; NRC 1986; ISCSH 1988). This issue 
has been discussed by scientists and epidemiologists 
for over a decade and although knowledge has in¬ 
creased over this period, it is still the subject of 
scientific controversy (Mantel 1987; Uberla 1987). 

In order to assess ETS properly it is necessary to 
understand 1 some of its chemical and physical 
properties, and to ascertain the concentrations of 
ETS present in typical environments (Repace 1987b; 
Proctor et al. 1989a). 


The aims of this paper are to describe the origins 
of ETS through an undferstanding of the combustion 
processes occurring within a cigarette, how it builds 
up and then decays in indoor air, and some of its 
properties. This paper considers ETS in relation to 
cigarettes, rather than that originating from cigars 
and pipes. 

THE ORIGINS OF ETS 

ETS results from a combination of sidestream smoke 
(that which is released from the lit end of the ciga^ 
retie), and exhaled! mainstream smoke (that exhaled 
by the smoker after drawing; on the cigarette), both 
greatly diluted by the ambient air. 

Fresh sidestream smoke 

Sidestream smoke is defined as all the smoke gen¬ 
erated by a cigarette that is not mainstream. Side^ 
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stream smoke is made up of the sidestream plume 
which is emitted from the burning zone dbring both 
the puff and smoulder periods in an upwards direc¬ 
tion (because of buoyancy), the smouldfer stream which 
escapes from the mouth end of the cigarette during 
smoulder, and gases which diffuse out of the tobacco 
nod by diffusion during both the puff and smoulder 
periods (Lipp 1965; Hoegg 1972; Baker 1982). lit has 
been estimated that the sidestream plume contributes 
about 95% to the total sidestream smoke (Hoegg 
1972). 

Physical and chemical aspects of the sidestream 
plume in the vicinity of the burning zone of a smoul¬ 
dering cigarette are illustrated in Fig. 1. (In both 
Figs. 1 and 2, % v/v is % volume/volume. It should 
be noted that 1 % v/v = 10 mL/L). The data in this 
figure were measured in a variety of experiments 
previously described (Baker 1982; Robinson 1987), 
The position of the sidestream smoke plume was 
obtained by carefully photographing the smouldering 
cigarette under controlled air flow conditions around 
the cigarette. The position of the gas phase plume 
was obtained in a series of experiments in which 
small sampling probes were placedaround the ciga¬ 
rette and connected directly to a mass spectrometer. 
The temperature distribution was measured using small 
thermocouples placed around the burning zone. The 
velocity distribution was measured using a laser Dopp¬ 
ler velociimeter technique. 

The gas phase temperature distribution outside the 
cigarette is very similar to that obtained earlier by 
Neurath et al. (1966). The positions of the smoke and 
gas phase plumes have also been confirmed using a 
Schlieren optical method described by McRae and 
Jenkins (1987). 

In the smoulder period between the puffs, a natural 
convection flow of air around the burning zone in an 
upwards direction (because of buoyancy) sustains 
burning but at a much lower intensity than during the 
puff. Little change occurs to the external temperature 
and oxygen distributions when the puff is taken (Baker 
1982), indicating that the natural convection stream 
around the burning zone and into the sidestream plume 
is only slightly affected by the influx of air during 
the puffi. The comibustiomprocesses occurring on the 
surface of the burning zone in the convection stream 
proceed independently of those inside. 

The main products in the gas plume are carbon 
monoxide, carbon dioxide, hydrogen and water — 
the concentration distribution of carbon monoxide 
outside the burning zone during smouldfer is shown 
in Fig. 1 and the forms of the profiles of the other 
gases and oxygen depletion are similar. The carbon 


monoxide plume originates some 3 to 4 mm in front 
of the paper burn line:, as do the external'temperature 
contours. The carbon monoxide concep.tration imme¬ 
diately above the burning zone is higher than that just 
inside, and a similar situation exists for carbon diox¬ 
ide. Thus, sidestream carbon monoxide and carbon 
dioxide are not formedlonly by the combustion prod¬ 
ucts diffusing out of the burning zone — some must 
be formed on the external surface from reactions with 
the oxygen convected around the coall 

Fig. 2 illustrates the variations diiringthe smoking 
cycle of the gas concentrations of oxygen, carbon 
dioxide, carbon monoxide and hydrogen at a specific 
point in the sidestream gas plume. This point is situ¬ 
ated 1 mm above the surface of the burning zone, and 
3 mm in front of the paper burn line. The plume 
hydrogen and carbon monoxide concentrations at this 
point increase during the puff while the carbon diox¬ 
ide concentration falls. At the endi of the puff, the 
level of all three products increases for about one 
second. This variation is very similar to that found 
inside the centre of the burning zone (Baker 1981), 
and is due to the outward diffusion of those products 
formedl inside the burning zone. The small rise in 
carbon monoxide and fall in carbon dioxide during 
the puff are due, at least partly, to the carbonaceous 
reduction of carbon dioxide to the monoxide, which 
occurs as the temperature in the interior of the burn¬ 
ing zone increases as the puff progresses. When the 
puff ends, the product formation-transmission bal¬ 
ance insidb the burning zone is interrupted, resulting 
in a lbcal build-up of gases in their formation re¬ 
gions. These diffuse into the sidestream to deplete 
the lbcal build-up,. 

In contrast to the gas phase plume, the sidestream 
smoke plume originates 0-4 mm behind the paper 
burn line, becoming visible at temperatures below 
about 150°C (Fig. ll);. This is the approximate posi¬ 
tion of the tobacco pyrolysis and distillation region 
inside the cigarette (Baker 1981). Inside the cigarette 
in this region, a concentrated organic vapour is formed. 
During the smoulder period much of it will diffuse 
radially out of the cigarette through the partially 
degraded cigarette paper, although some will 1 also 
diffuse axially towards the mouth end of the cigarette 
to form the smoulder stream. As the vapour diffuses 
through the paper to nhc outside, it is subjected to a 
sudden temperature decrease and dilution. These con¬ 
ditions favour the formation of relatively small aero¬ 
sol particles compared to mainstream particles: 

Since the sidestream plume is the major contribu¬ 
tor to ETS, the rate at which sidestream smoke is 
transported away from the cigarette into the atmo- 
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Fig. 1. Concentration*, temperatures and velbcities in sidestream plume during smoulder (Baker 1982; Robinson 1987). 
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Fig, 2. Variation with time of sidestream gas concentration 1 mm vertically above cigarette and +3 mm from paper bum line. 


sphere ultimately determines the rate of build-up of 
ETS components. A detailed determination of the 
velocity distribution of the sidestream pliime has 
been made using a Ibser Doppler velocimeter de¬ 
scribed by Robinson (1987). In this technique, two 
laser beams are focused on a given point in the plume 
and produce an interference pattern at their point of 
intersection. Aerosol particles carried in the plume 
scatter light from the interference pattern and char¬ 
acteristics of this light can be used to calculate the 
velocity of the particles in the plume. The results 
indicate that at a given distance above the cigarette 
there is a distribution of velocity. That obtained at 
10 nun above the cigarette is shown in Fig. 1(e) 
together with an estimate of the particle concentra¬ 
tions in the gas and smoke plumes. The peak velocity 
of 410 mm s’ 1 occurs in the gaseous plume, 2 mm in 
front of the paper burn line. The velocities in the 
smoke plbme are generally less than half of this peak 
velocity. 

Measurements at different distances above the cig¬ 
arette show that the plume is accelerating as it rises 
above the cigarette (Fig. 3). This acceleration is ac¬ 
companied by a falling temperature of the plume. The 
falling temperature of the plume with distance above 
the cigarette is accomapanied by increasing density. 
This, along with the observed acceleration, means 
that there is a substantial increase in mass flow rate 


in the plume with distance above the plume. This is 
brought about by air being radially drawn into the 
buoyancy driven, natural convection sidestream plume 
as it moves upwards. Detailed calculations and mathh 
ematical modelling have confirmed that this occurs 
(Robinson 1987; Robinson 1988)i 

Also shown in Fig. 3 are two previous measure¬ 
ments of the velocity of the sidestream smoke plume, 
that of Neurath et al. (1966) and that of Ayer and 
Yeager (1982). Both their values were single point 
measurements, i.e., they did not show any variation 
of velocity with distance above the cigarette. Clearly 
the actual flow structure of the sidestream plume is 
more complex than these two earlier measurements 
imply. 

In general the same chemicals present in main¬ 
stream smoke are also present in sidestream smoke, 
though their relative yield per cigarette is highly 
dependent on the compound considered. Some typi¬ 
cal sidestream/mainstream ratios are shown in Tablfe 1 
(Baker 1981; Guerin 1987; Klus and Kuhn 1982; 
Sakuma et al. 1983, 1984a, 1984b; Norman et ail. 
1983; Umemura et al. 1986), These ratios were ob¬ 
tained from different studies using different tobac¬ 
cos, cigarette types, methods of collecting the sidestream 
smoke, and air movement conditions around the ciga¬ 
rette. These differences will affect the results, re¬ 
flected by the quoted range for a given compound in 
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lx is axial distance from paper burn line) 



Fig. 3. Measured flbw development in the sidestream plume (Robinson 1987). 


Table 1. Some typical sidestream/mainstream (SS/MS) yield ratios. 


Smoke Component 

SS/MS 

Hydrogen cyanide 

0.06-015 i 

Succinic acid 

0.4-0.6 

Hydroquinone 

0.7 - 1.0 

INeophytadiene 

1.1 - 1.8 

Phenoll 

1.6 -3.0 

Nicotine 

1.9-3.3 

Acetic acid 

1 1.9 -3.9 

Carbon monoxide 

25-4.7 

Benzo(a)pyrene 

2.7-3.4 

Nitric oxide 

3-13! i 

Limonene 

4-12 

Toluene 

5.6 

Carbon dioxide 

8- 11 

Acrolein 

8 - 13 

Pyrrole 

9 - 14 

Naphthalene 

I 17 

Pyridine 

10-20 

Water. 

30 

Ammonia 

44-170 

Nitrogen 

>270 


the table. However, the data do show that there is a 
very wide range of ratios, varying from 0,06 - 0.5 for 
hydrogen cyanide to over 270 for molecular nitrogen 
formed chemically from the tobacco. Of course, one 
to four times more tobacco is burnt in smoulder than 
during puffing, depending on the cigarette parame¬ 
ters. Thus, some of the ratios in Tablfe 1 (e.g., phenol 
and nicotine)* simply reflect the proportions of to¬ 
bacco burnt to the two smoke streams. However, 
there are many substances which distribute them¬ 
selves so predominantly to one stream or the other 
that the reason cannot be due to differences in' to¬ 
bacco consumption' The reasons lie in the different 
conditions of temperature and mass transfer rates 
existing in the cigarette burning zone during smoulL 
der and puffing, and the exact mechanism by which 
different components are formed or released from the 
tobacco. 

During a puff, air is drawn into the peripheral 
regions of the burning zone, solid phase temperatures 
in excess of 900°C are reached and it is largely the 
periphery of the cigarette that burns (Baker 1981): 
When the puff ceases* the periphery of the burning 
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zone cools rapidly to about 600°C, air is convened 
into the back of the burning zone and the axial por¬ 
tion of the tobacco rod is preferentially consumed 
during about the first twenty seconds of smoulder. 
The temperatures in the centre of the burning zone 
are in the region of 800°C and only increase by 
50 - 80°C as the puflf progresses. The major combus¬ 
tion products, carboni dioxide, carbon monoxide and 
water, are formed in the high temperature (> 500°C) 
region of the burning zone. However, the vast major¬ 
ity of smoke species are formed by pyrolysis/distil¬ 
lation processes in a relatively low temperature 
(< 50D°C). oxygen deficient region, just behind the 
combustion zone in the region of the paper burn line. 
The concentrated organic vapour so formed l is drawn 
down the tobacco rod dtiring the puff to the main¬ 
stream and largely diffuses radially out of the rod 
during smoulder to form the sidestream smoke. 

Hydrogen cyanide is formed via decomposition of 
nitrates and amino acids. The predominance in the 
mainstream must reflect a high temperature forma¬ 
tion mechanism with sufficient temperatures hardly 
being attained during smoulder On the other hand, 
ammonia, which is formed from the reduction of 
nitrates and pyrolysis of glycine, is delivered pre¬ 
dominantly to the sidestream. Sufficient tempera¬ 
tures must exist during the smoulder period for the 
pyrolytic generation of the ammonia. Vapour phase 
water is also delivered almost exclusively to the 
sidestream and is believed to be derived from oxygen 
reacting with pyrolytically-generated hydrogen as it 
diffuses into the sidestream plume (Johnson 1975). 
Thus, the exact! ratio in Table 1 very much depends 
on the mechanistic origim of each component. 

The pMi of mainstream and sidestream smoke also 
differs, withsidestream smoke being generally more 
alkaline. For example, the pH of the mainstream 
smoke of a U.S. blended cigarette is typically in the 
range 6.0 to 6.2 and that of the sidestream is in the 
range 6.7 to 7.5 (Brunnemann and Hoffmann 1974)i 
In this study, the p.Hi was determined by passing 
smoke over a sensitive combination electrode con¬ 
nected to a pH meter. The observed sidbstream and 
mainstream difference arc due to the predominance 
of basic components in the sidestream, e.g., ammo¬ 
nia, pyridine and nicotine, and carboxylic acids and 
phenols in the mainstream smoke. (However, pH is a 
concept applicable to aqueous solutions and strictly 
speaking it is not meaningful to give too much sig¬ 
nificance to the pH of a suspension of aerosol parti¬ 
cles). 

The mean size of the aerosol particles in side- 
stream smoke is smaller than in mainstream smoke. 


Thus, Okada et al. (1977),, using a light scaitteriing 
technique, reported mainstream particles, to h - • - 
geometric number mean diameter of C.l ; 8 ! urn aau 
sidestream,particles of 0.12:pmi The mean si:z-e:of mo 
mainstream particles is smaller than! that reported in 
other studies using other measurement techniques,, 
cited by Okada el al. (1977). However, the relative 
size distributions of the mainstream and sidestream 
particles are seemingly authentic. The different size 
distributions for the two smoke streams must reflect 
the different rates of cooling and levels of air dilution 
to which their precursor vapours are subjectedL 

In mainstream smoke, Browne and co-workers (1980), 
have shown that nicotine is almost entirely in the 
particulate phase. This also is true for fresh, concen¬ 
trated sidestream smoke (Proctor 1988a), though nic¬ 
otine seems to transfer rapidly to the vapour phase as 
the smoke stream ages and becomes diluted (Hudy et 
al. 1986; Eatough et all 1986,,1989). 

Sidestream smoke yields will be dependant upon 
the weight of tobacco burnt during smoking, the con¬ 
struction of the cigarette, and the way in which it is 
smoked. However, typically, a conventional cigarette 
will yield around 600 mg of CO 2 , 4.5 mg CO, 5 mg 
of nicotine, and 25 mg particulate matter (water and' 
nicotine subtracted) per cigarette in sidestream smoke. 

Exhaled mainstream smoke 

Few authors have considered exhaled mainstream 
smoke (EMS) as anything other than a minor contrib¬ 
utor to ETS (Nystrom and Green 1986). Work re¬ 
cently completed in our laboratory suggests that the 
role of exhaled! mainstream smoke should be consid¬ 
ered in more detail. A variety of smokers were stud¬ 
ied under carefully controlled conditions, smoking 
three types of cigarettes. These were a typical fil¬ 
tered British flue-cured cigarette (15 mg mainstream 
particulate delivery),, a typical filtered case flavoured 
U.S. blended cigarette (14 mg), and a low delivery 
(3 mg) filter ventilated flue-cured cigarette. For each 
experiment three subjects smoked one cigarette type 
in their normal manner in a 30 m? chamber. This was 
repealed on three occasions for each of the cigarette 
types. For each experiment the maximum concentra¬ 
tions were determined for particulate matter (as mea¬ 
sured by a piezobalance, TSI 5000), nicotine (Tenax 
trapping, GC-MS analysis) and carbon monoxide (by 
non-dispersive infrared spec troscopy). 

Subsequently, cigarettes were smoked by machine 
(set at average parameters to mimic the human smok¬ 
ing) with mainstream smoke exhausted from the room. 
Hence the ETS from sidestream smoke alone was; 
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Tabic 2. Mean contributions of'exhaled mainstream smoke (EMS) to ETS. 


Contribution of EMS \%:> to 


Cigarette 

ETS 

! Carbon 

Monoxide; 

ETS 

Particular 

Phase 

ETS 

Nicotine: 

Flue-cured 

i 

11 

43 

7 

US-blended 

13 

1:5 

9 

Filter Ventilated! 

3 

20 

ii i 


compared to ETS produced by humans, including 
exhaled mainstream smoke. 

Table 2 presents the summary data for the three 
cigarette types* It can be seen that exhaled main¬ 
stream smoke contributes little to the gas phase of 
ETS and that this contribution is dependant upon the 
mainstream delivery of the cigarettes studied. How¬ 
ever, EMS does significantly contribute to the ETS 
particulate phase. It is thought that particulate matter 
is retained by the smoker to a greater extent than 
carbon monoxide, and hence it would be expected 
that the EMS particulate contribution would be less 
than observed (Creighton 1973). The results may 
then indicate that EMS particles are more stable (per¬ 
haps larger and containing more water) than fresh 
sidestream particles. 

AGEING OF TOBACCO SMOKE 

As sidestream and exhaled mainstream smoke dif¬ 
fuse into the atmosphere and away from the cigarette 
and smoker, they become ETS. The originally con¬ 
centrated sidestream and exhaled mainstream smoke 
streams become greatly diluted; the sidestream smoke 
cools and accelerates (Figs. 1, 3), and various phys¬ 
ical and chemical changes occur in the smoke. 

A variety of studies (Eatough et al. 1986, 1987; 
Eudy et al. 1986; Hammond etal. 1987) have shown 
that the nicotine im ETS is almost entirely in the 
vapour phase. Since ETS nicotine originates almost 
entirely from sidestream smoke (see Table 2), then 
nicotine in the fresh sidestream particles must rap¬ 
idly evaporate out of the particles as the smoke ages 
during iniitiall dilution. 

S tudies by Pritchard and I co-workers (Black et al, 
1987; Pritchard et al. 1988) have also shown that 
matter is evaporated from fresh sidestream particles 
as they are diluted to form ETS. They loaded 
li-iodohexadecane labelled with l23 I onto cigarettes. 
This material has a boiling point of 380°C, typical of 
that of components found in smoke particles. When 


fresh sidestream smoke was collected from the smoul¬ 
dering, loaded cigarette using a "fish-tail" chimney 
collection system described elsewhere (Proctor et al. 
1988a) it was found that 5% of the sidestream radio¬ 
activity was found in the vapour phase and 95% in 
the particulate phase. On the other hand when the 
cigarette smouldered in a steel chamber of 14 m 3 
internal volume, 70% of the airborne radioactivity 
was found to be in the vapour phase, and subsequent 
radiochemical analysis indicated that there had been 
no chemical degradation of the 1-iodohexadecane in 
the environmental chamber. Thus, the material had 
evaporated! out of the sidestream particles during 
dilution to form ETS^ 

Ingebrethsen et ali (1985,1986) have independently 
estimated that 20 to 30% of the original matter in 
sidestream particles is lost by evaporation during the 
ageing of ETS. This estimate was calculated from; 
measurements of the number and sizes of sidestream 
particles diluted in a stirred 0.5 m 3 stainless: steel 
chamber. The size distribution measurements were 
made by Ingebrethsen and Sears (1985) using a com¬ 
bination of an optical! particle counter, an electro¬ 
static mobility analyser, and a condensation! nucleus 
counter. Sidestream smoke was introduced into the 
0.15 m chamber and diluted, and the number and sizes 
of the particles monitored over six hours. The esti¬ 
mated initial mass loss by evaporation of the smoke 
particles dtiring about the first hour of ageing re¬ 
sulted in ETS particles with a mean number diameter 
of G.098 Jim at typical ETS concentrations (several 
jig m 3 particulate matter). This is equivalent to a 
mass median diameter of 0.185 Jim. As the ETS aged 
over the next few hours in the stirred!chamber, there 
was a slow but gradualincrease in mean mass median 
diameter: 20% increase over 12 hours. This is dtie to 
a combination of coagulation of particles and re¬ 
moval of smaller particles by deposition onto sur¬ 
faces of the chamber. Surface deposition of ETS is 
the main route of removal in a static environment and 
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is a function of particle size, mixing rate, room size, 
and shape: 

In addition to physical changes^chemical changes 

also occur as ETS ages* Thus, for example, nitric 
oxide slowly oxidises; over minutes and hours to 
nitrogen dioxide in ETS (Piad£ and Fink 1987; Klus 
etal. 1987; Baker ei al. 1988). However, these chem¬ 
ical changes, and indeed the particle size changes 
described above, will be far outweighed by the phys+ 
ica!* effects of air movement which will occur in real 
indoor environments. These effects are described in 
the next section. 

BUILD-UP AND DECAY OF ETS CONSTITUENTS 

As cigarettes are smoked in a room, the levels of 
ETS components in the room rise and then fall due 
to air circulation, room ventilation and; to a lesser 
extent, interactions of the ETS constituents such as 
deposition of smoke particles onto surfaces in the 
room. It is normally not practical to measure the 
dynamic build-up and decay of ETS constituents in 
real-life environments and for such information spe¬ 
cially constructed environmental rooms are used. In 
such rooms, the temperature, relative humidity, air 
circulation rate, and fresh air input can be varied over 
a wide working range and the observed dynamic ETS 
levels related to room environmental conditions. A 
number of studies in such rooms has been published 
in recent years (Hoegg 1972; Cain andlLeaderer 1981; 
Case 1985; Blake et al. 1986; Heavner et al. 1986; 
Ingebrethsemet al. 1986; Black et al. 1987; Eatough 
eti all 1987; Hiller et all 1987; Olander et al. 1987; 
Piad6 and Fink 1987; Pritchard et al. 1988; Rawbone 
etal. 1987a, 1987b; Vu Due and Huynh 1987; Baker 
et al. 1988) or in standard offices with controlled 
environments (Kids et al. 1987). 

Typical results from one study (Baker et al. 1988) 
are illustrated in Fig. 4. In this study the ETS was 
produced from the sidestream smoke of nonventilated 
filter cigarettes containing fltie-cured tobacco smoked 
under standard smoking machine conditions in a 
30 m 3 chamber. The chamber wallfc and ceiling had 
an impervious painted plastic finish and the floor was 
constructed of heavy duty non^slip PVC, Further de¬ 
tails of the chamber have been given elsewhere (Case 
1985; Baker 1988). Room conditions and number of 
cigarettes smoked were varied over the following 
ranges: temperature, 15-30°C; relative humidity,,, 
55-85%; room air circulation, li-27 air changes per 
hour; fresh air, 8-25%; number of cigarettes, 2-8. 

During an experiment, samples of air were contin¬ 
uously removed from the room and analysed for par¬ 
ticulate matter (using a TSI Model 5000 piezobalance 


fitted! with a 3.5 pm filter situated in the room)> 

carbon monoxide and carbon dioxitie 'usinv non* 
dispersive infrared speciroscopyV. nitric: cnidc., and 

nitrogen.dioxide (using chemiiliuminescencc),,hydro¬ 
carbons (using flame ionisation); and panicle size 
and number distributions (LAS-X laser aerosol spec¬ 
trometer). For nicotine determination; time weighted 
average values were obtained over the five minute 
periods by sampling the air through thermal desorp¬ 
tion tubes containing Tenax and subsequent analysis 
by gas chromatography/mass spectrometry. Room tem¬ 
perature and!relative humidity were also monitored 
during each experiment. The data from all the instru¬ 
ments were monitored on a microcomputer, taking 
data points every 30 seconds. All results presented 
are corrected for background readings. 

Individual data points are includedlon some of the 
profiles in Fig. 4 to indicate the precision of measure¬ 
ment. The signal to noise ratio for most of the instru¬ 
ments was better than 20:1, although that for nitrogen 
dioxide and total hydrocarbons was 5:1 and 10; 1 
respectively, due to the analysers being operated at 
maximum sensiti vity. The coefficients of variation of 
all the profiles over five replicate experiments were 
better than 5 %. 

In Figs. 4 and 5 , ,gas concentrations are quoted in 
mg m' 3 or pg m" 3 . It is, however, common practice 
in studies on ETS to use the units ‘parts by volume 
per million* (ppm), which is equivalent to pL/L in the 
metric system of units, especially for carbon monox¬ 
ide levels —see, for example, the review by Repace 
(1987b). The exact conversion factor depends on gas 
density, and for carbon monoxide at room tempera¬ 
ture and'pressure, 1 mg m' 3 = 1.15 ppm. 

All the measuredlETS components in Fig. 4 reach 
a maximum concentration at the end of smoking and 
then decay exponentially, at a first order rate, i.e., 
decay rate is proportional to component concentra¬ 
tion, as indicated by linear log e concentration/time 
plots (not illustrated). The nicotine profile appar¬ 
ently reaches a plateau after it has decayed to about 
20% of its maximum value. The profiles for particle 
number concentration and aerosol mass are almost 
exactly parallel, as are the profiles for carbon mon¬ 
oxide and carbon dioxidfc. The count median diame^ 
ter of the ETS aerosol panicles remained constant at 
Oil3 pm as the ETS built up and decayed! over the 
5000 seconds of the determination. This is larger than 
that reported by Ingebrethsen'and Sears (1985) in 
their 0.5 m 3 chamber^ due to the laser aerosol spec¬ 
trometer in the current study not measuring the small 
particles below 0.1 pm which were included in Ih- 
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9 air changes/hour, 10% ventilation; 20°C, 55% RHi : 2 cigarettes smoked 





Fig, 4, ETS build-up and decay profiles. 


gebrethsen and Sears* combined technique described 
earlier. 

For ail the components studied; the peak ETS con¬ 
centration (or time-weighted average for nicotine) 
increases linearly with the number of cigarettes smoked 
for 2 to 8 cigarettes. This linear relationship has been 
observed previously with up to 30 cigarettes smoul¬ 
dered (Hoegg 1972; Case 1985; Blake et al. 1986). 
Using two types of experimental cigaretteswith filter 
ventilation levels of 20 and 50%, Blhke and co-work¬ 
ers (1986) have demonstrated the linear relationship 
for the following ETS components: carbon monox¬ 
ide, nitric oxidb, nitrogen dioxide, hydrogen cyanidfe, 
ammonia, formaldehydb, phenol, each of the three 
cresols, nicotine and aerosol particle mass. 


The time taken for the peak ETS concentration to 
decay back to the background level depends on the 
environmental conditions. Fig. 5 illustrates the effect 
of air exchange rate (equal to room air circulation 
rate multiplied by the fraction of fresh air admitted 
to room) on the decay of carbon monoxide. Clearly, 
air movement has a large effect on the decay, as 
expected from mathematical considerations (Rfepace 
1987a; Robinson 1988), The effect of air exchange 
rates on the half-life times of ETS components, ob¬ 
tained from profiles similar to those in Figs. 4 and 5 
is illustrated! in Fig. 6 over the sixteen settf of envi¬ 
ronmental conditions used in the study, 

Half-liife time is defined as the time to decay to 
half the value of the maximum concentration. Half- 
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[col 

(mg m~3) 


ROOM AIR 

CIRCULATION FRACTION AIR EXCHANGE 

PER HOUR FRESH AIR RATE PER HOUR 

(a) (b) (ab) 

1 0.063 0.063 




Fig, 6. Variation of ETS t*, value* with air exchange rate. 


life times for nicotine were not obtained under all the 
conditions in the study, and in general are much 
smaller than the values for the other components, and 
much less influenced!by the air movement. They are 
also less accurately defined, since they are based on 
average levels over .five-minute periods rather than 
continuous measurements, and since nicotine is de¬ 
caying relatively fast. Similar ti/2 vahies for nicotine 
can be obtained from the dfecay profiles reported in 
other studies: values of 10; 14 and' 23 minutes from 


Eudy and co-workers’ profiles (1986) and 16 and 
23 minutes from the profiles of Rawbone and co- 
workers (1987a); Variation of the environmental tem¬ 
perature (15-30°C) and relative humidity (55-85%) 
had a negligible effect on the ti/2 values (detailed' 
results not illustrated). 

For a given set of environmental conditions, the 
trends in Fig. 6 indicate that the relative ti/2 values 
of the ETS components are in the order: 

NO 2 > CO = CO 2 > NO « total hydrocarbons > 
aerosol mass > nicotine 

The decay rates of the carbon oxides depend solely 
on the effects of air change rate and fresh air input 
(Piad6 and Fink 1987) and their levels in ETS remain 
constant when there is no air movement (Heavner et 
alt 1986; Hiller et all 1987): Where a component has 
smaller ti /2 values than carbon monoxide there must 
be some mechanism other than just air movement 
depleting its levels — chemical or physical. Nitric 
oxide tv-172: values are on average significantly less 
than those for carbon monoxide, and nitrogen dioxide 
ti /2 values are significantly higher, at the 90% con¬ 
fidence level. This is due to the conversion of nitric 
oxide to nitrogen dioxide in the ambient air, as pos- 
tulated by others (e.g., Piad6 and Fink 1987; Klus et 
al. 1987). 

2NO + O 2 —> 2N02 • [11! 

In fact, using the experimental data on ETS nitric 
oxide and nitrogen dioxide decay levels it can be 
shown that the rate constant for reaction [1] in ETS; 
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is almost an order of magnitude higher than that for 
the pure gas phase conversion but similar to that in 
the gas phase of mainstream smoke (Baker et al. 
1988). Thus, in ETS,and the gas phase of mainstream 
smoke* the oxidation of nitric oxide is catalysed by 
substances which are not known. 

The smaller values of ti/2 for aerosol mass than 
carbon monoxide must be due to deposition of the 
particles onto the surfaces in the roorm The very 
much smaller values for nicotine could be due to 
adsorption of nicotine vapour onto the surfaces — 
since, as indicated in the preceding section, nicotine 
in ETS is largely in the vapour phase, 

REAL-LIFE LEVELS OF ETS COMPONENTS 

Although ETS originates from sidfcstream and ex¬ 
haled mainstream smoke, the great dilution and other 
changes which these smoke streams undergo as they 
form ETS make their properties significantly differ¬ 
ent from those of ETS. Thus, the sidestream/main¬ 
stream ratios quoted in Tahlfe 1 can be misleading if 
used out of context. The important question is not the 
ratio of sidestream/mainstream but rather what is the 
concentration of the constituent in the indoor envi¬ 
ronment and how does it compare to levels from 
sources other than ETS. Studies based solely on ob¬ 
servations of fresh sidestream, or highly and unreal¬ 
istically concentrated ETS V should take into account 
the possible differences between these smokes and 
ETS found in real-life situations. 

The previous sections have described how the com 
centration of ETS in a room will depend upon many 
factors such as the number of cigarettes smoked, how 
they were smoked and what type they were, and on 
the size and ventilation conditions in the room. The 
situation is further complicated in the real world by 
the fact that ETS is only one contributor to indoor air 
containing chemicals arising from multiple sources 
(Proctor et al. 11988'bji All indoor air environments 
contain numerous chemicals as a result of emissions 
from, for example, building materials, furnishings, 
cooking and heating fuels, and consumer products 
(NEC 1981). Many of the chemicals associated with 
ETS will also be present as a result of such sources 
(Jenkins and Guerin 1984; Proctor et al. 1988k, 1989a, 
1989b), 

Hence, in order to determine potential exposures 
to ETS, it is essential to employ methods that allow 
a distinction'between substances present as a result 
of tobacco smoking and substances present as a result 
of the other various sources. One approach is to 
identify a chemical marker that is specific, or at least 
indicative, to ETS (Haley et al. 1988), 


Miuch early research used carbon monoxide arv- 
centra lions; to assess ETS; lb veils ('Sterling; and Dintii ' 

1982)l However, there are many sources of carber 
monoxide, such as gas cookers or heaters, oper 
fires, or motor vehicle emissions drawn in from 
outdoors, and it is not posstole in reai-liife situa¬ 
tions to segregate the ETS contribution from this 
background!(NEC 1981; Girman and Traynor 1983; 
Haley et al. 1988), 

Nicotine is far more specific, and had been used 
ini recent years. The presence of nicotine in air is 
almost certainly indicative that tobacco smoking is, 
or has been taking place. Typically indbor levels 
range from 5 to 70 pg m‘ 3 . 

However, it should be noted that the behaviour of 
nicotine in ETS is somewhat unusual when compared 
to many of the other constituents. Nicotine is primar¬ 
ily a vapour phase constituent in ETS, though a small 
portion (around 2%) will be found associated with 
the particulate phase (Eatough et al. 1989). Research 
has shown that the nicotine decays rapidly from an 
atmosphere in comparison even to other vapour phase 
constituents of ETS (Nystrom and Green 1986; Eatough 
etal. 1989 and Fig. 4 of the present paper). Moreover, 
it is also likely that some nicotine adsorbed onto 
walls and furnishings will be re-emitted. If this were 
to be the case, then areas where smoking hadi not 
taken plhce for some time might still exhibit a low 
level of airborne nicotine. 

Even so, nicotine is currently the most useful spe¬ 
cific chemical marker for ETS, and many field stud¬ 
ies have utilised its measurement. For example, 
Thompson et al. (1989) found'airborne nicotine concen¬ 
trations in restaurants ranged from 0.5 to 37.2 jig m' 3 
with a geometric mean of 3.5 pg m' 3 . In offices, 
Hammond et al. (1987) found personal exposures to 
nicotine (nonsmokers) ranging from 3i.l to 28.2 pg m' 3 , 
whilst Carson andl Erikson, (1988) using fixed site 
monitoring, ini a study of 31 offices in Ottawa found 
airborne nicotine geometric meani to be 7.2 pg m* 3 
(range <1.2 to 69.7 pg m' 3 )i Research undertaken by 
our laboratory found similar levels of airborne nico¬ 
tine with a median of 3.1 pg m' 3 (range 0.6 to 
26 pg m' 3 ) in smokers’ offices, 15.5 pg m‘ 3 (range 
0.6 to 49.3 pg m 3 ) in smoking-allowed Lrain com¬ 
partments, and 18 pg m' 3 (range 3 to 57 pg;m* 3 ) iin: 
betting shops (Proctor et ai. 1989a, 1989b). 

Respirable suspended particulates (RSP) have also 
been determined in indoor air in relation to ETS. 
Virtually all ETS particulate matter will be in the 
respirable fraction (i.e., less than 3.5 pm diameter) 
of airborne particulate matter. 
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However, in real-world situations; ETS wilil sel¬ 
dom be the sole source of particulate matter. Hence 
iit is important to try and estimate the proportion 1 of 
particulate: matter relating directly to ETS^ rather 
than just measuring total particulate matter. One of 
the most frequently referenced papers is the work of 
Repace and Lowrey (1985). Their research suggested 
that a typical nonsmoker working in an office build¬ 
ing in the U.S. would be exposed daily to average 
concentrations of par ticulate matter due specifically 
to ETS of 242 *tg m* 3 (range 100 to 1000 \ig m' 3 ). 
However, Samet et al. (1987) stated that surveys of 
indoor air quality based on measurement of total 
suspended particulate concentrations (such, presum¬ 
ably, as the Repace and Lowrey study) will not readily 
identify the excess mass indbors from environmental! 
tobacco smoke. 

Some researchers have attempted to develop more 
specific methodologies for the determination of 
the ETS proportion of total R'SP. One method 
extracts respirable particulate matter collected on 
teflon coatedifilter pads, and subsequently analyses 
the extracts for their ultra-violet (UV) absorbance 
at 325 nm. By using a surrogate standard,,2,2 1 ,4,4 1 - 
tetrahydroxybenzophenone, calibrated against ETS 
formed in controlled conditions* an estimate of the 
ETS contribution to particulhte matter can be made 
(Thomas et ai. 1989). This measure has been termed! 
UV-RSP, and will often be an over-estimate, as smoke 
of the particulate matter in indoor air originating 
from! sources: other than ETS will also result in UV 
absorbance. 

An alternative method, based on the same philos¬ 
ophy, analyses the methanol extracts of collected 
particulate matter for fluorescence (Thomas et al. 
1989). Sample solutions are calibrated against dilute 
mainstream tobacco smoke solutions, and the method 
is suggested to have a greater sensitivity and selec¬ 
tivity than the UV-RSP measure. 

A more specific particulate marker may be the 
compound solanesol. This substance is present iin 
relatively high levels in tobacco and is transferred 
intact to sidestream smoke (Ogden and Maiolo 1988). 
However, it should be noted that different types of 
tobacco contain different levels of solanesol and hence 
the ambient concentration will be dependant not only 
on the number of cigarettes smoked but also, to some 
extent, on which brand of cigarettes was smoked. 

Relatively few studies have published data using 
these particulate partitioning methods. Our data 
from offices, train compartments, and betting shops 
(Proctor et al. 1989a, 1989b) suggest that, although 
ETS dbes add to the particulate levels in indoor 


environments, it may not always be the predominant 

F ierce., ?s-. • V. is. unlikely to be the sole- source:. Ir. 

smokersoiiic.cs; a median RSP level of 91 jig m' J 
range 33 to 260 1 jig m’ 3 ) was found, though the 
corresponds n g U V-RSP data (the esti mate of ETS c o n - 
tribullion) gave a median value of 24 jig m 3 (range 
0..5 to 75 jig m* 3 ). This would suggest that in a 
relatively well ventilated office environment, ETS 
was contributing approximately, on average, 26% to 
the total RSP level. IP smoking allOwed-train com¬ 
partments* a median RSP level of 249 \lg m' 3 
(range 71 to 325 fig m‘ 3 ) was identified. The corre¬ 
sponding UV-RSP data here were a median of 70 *tg 
nr 3 (range 13 to 110 fig nf 3 ). This would suggest an 
approximate 28% contribution of ETS to total partic¬ 
ulate matter. In betting shops (smoking allowed) the 
median RSP was 284 jig m" 3 (range 73 to 767Tig;m' 3 ) 
whilst the median UV-RSP was 109 jig nf 3 (range 57 
to 610 fig m‘ 3 ); an approximate ETS contribution of 
38%. This research suggests the necessity for future 
studies to attempt to apportion ETS particulate mat¬ 
ter from total particulate matter. 

Although ETS contains many chemicals, research' 
has been unable to identify goodlchemicaHmarkers 
apart from nicotine and ETS-specific RSP mea¬ 
sures. Eatough et al. (1989) have suggested' that 
3-ethenylj>yridine, myosamine, nitrous acid and pyr¬ 
idine may be possible markers for ETS gas phase, 
though more research is necessary to determine the 
validity of these substances. 

An alternative approach to determining the contri¬ 
bution of ETS to an environment'is to compare di¬ 
rectly smoking and nonsmoking situations. In order 
to do this successfully, it is essential to match closely 
the factors impacting on the environments; for exam¬ 
ple smoking and nonsmoking situations should be of 
similar size*.ventilation conditions, occupancy, fur¬ 
nishings, etc. This may be achieved by selecting sites 
within the same building, or by taking large numbers 
of sites for a particular environmental category. For 
example,,Spcngier et al. (1981) measured total RSP 
values in 80 homes to conclude that a smoker of 
20 cigarettes per day would contribute 20 jig m’ 3 to 
24-hourindoor particulate concentrations. This type 
of approach is most usefully undertaken using ETS 
specific markers, but iit may also identify differences 
in the levels of nonspecific chemicals associated 1 with 
ETS. In the U.S. Environmental Protection Agency's 
Total Exposure Assessment Methodology (TEAM) 
study, levels of some airborne volatile organic chem¬ 
icals (VOC) were suggested to be higher in smokers' 
homes than in nonsmokers’ homes (Wallace et al. 
1987). Other small studies have been unable to diis- 
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Fig; 7, Chromatographic profile! of the air in a «moleers’ and a nonsmokeri* office in a modem, air-conditioned building. 


tinguish between the VOC levels in smokers’ and 
nonsmokers’ offices (Bayer and Black 1987; Proctor 
et al. 1989b), 

Fig. 7 illustrates a comparison of volatile chemi¬ 
cals in the air of a smoker’s and a nonsmokers’ office 
in the same building. The chromatographic profiles 
were acquired by drawing air through a sampling 
tube containing Tenax TA adsorbent for an hour sam¬ 
pling period. YOCs are trapped on the Tenax, and 
recoveredforanalysis by subsequent thermal desorp¬ 
tion — capillary gas chromatography — mass spec¬ 
trometry (Proctor et al. 1988b). The two offices were 
virtually identical, apart from the presence of 
one smoker (who smoked 3 cigarettes during the 
sampling period), and three nonsmokers in what is 
termed the smoker’s office, and the presence of four 
nonsmokers in the other office. The nicotine peak in 
the smoker’s office corresponded to a level of 6 pg m' 3 . 
Apart frominicotine, a detailed analysis, using mass 


spectrometry revealed a similar range of volatile or¬ 
ganic compounds (such as benzene and styrene) and 
similar concentrations of these chemicals in both the 
smoker’s and nonsmokers’ office. This finding is not 
surprising, as the nicotine peak would have to domi¬ 
nate the chromatographic profile in order that the VOC 
contribution from ETS could be detected above the 
background level (nicotine being the predominant 
ETS-associated volatile). A small amount of nicotine 
(0.5 pg m‘ 3 ) was found in the nonsmokers' office, but 
the similarity in VOC levels between smoking and 
nonsmoking situations is not due to recirculation of 
chemicals from smoker’s offices because both 
UV-RSP and nicotine Ifevels in the nonsmoking areas 
were far lower (by a factor of at least 10) than in 
smoking areas* 

Hence, the accurate assessment of ETS in real-life 
situations relies upon the use of specific chemical 
markers to distinguish the ETS contribution from the 
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chemical background, arising from various sources, 

that, is; present whether smoking! is; taking place or 

not. 
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ABSTRACT 


A derailed characterization of environmental tobacco smoke is needed in 
order to understand at least four areas which are important to the proper 
evaluation of the impact of smoking on the nonsooker in indoor environments: 1. 
identification of the chemical compounds to which the nonsmoker is exposed, 2. 
determination of changes in the chemical composition and in the gas-particulate 
phase distribution of environmental tobacco smoke with time in the indoor 
environment, 3. identification of substances which may be used to estimate the 
exposure of the nonsmoker to environmental tobacco smoke in the indoor 
environment, and 4. risk assessment of disease and irritant exacerbations 
associated with exposure of the nonsmoker to environmental tobacco smoke. The 
first three areas are reviewed in this paper. 


THE CHEMICAL COMPOSITION OF FRESH ENVIRONMENTAL TOBACCO SMOKE. 


Environmental tobacco smoke consists of sidestream smoke generated by a 
burning cigarette and mainstream smoke exhaled by the smoker. The major 
contribution to environmental tobacco smoke is from the sidestream smoke from a 
cigarette. Sidestream and mainstream smoke produced during the smoking of a 
cigarette are chemically qualitatively similar. However, significant 
quantitative differences exist between the two sources. In addition, as the 
generated environmental tobacco smoke emissions are introduced into an indoor 
environment substantial changes in the gas-particulate phase distribution of the 
chemical species present occurs. 


Source: https://WVw.industrydocuments.ucsf.edu/docs/ffnm0000 
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Chemical Composition of Side stream Toba cco Smoke. 

The chemical characterization of environmental tobacco smoke has mainly 
been limited to the comparison of the concentrations of organic (1-7) and 
inorganic (8,9) constituents in particles of tobacco smoke condensate and total 
sidestream tobacco smoke, the determination of the main inorganic gases present 
in environmental tobacco smoke such as C (>2 , CO , NH 3 , HCN, NO and HNO 2 (1-3,10- 
12 ), and the determination of the principal organic compounds present in 
environmental tobacco smoke in chamber studies (13-19) and in indoor 
environments where environmental tobacco smoke is present (15,20-27). 

The chemical composition of environmental tobacco smoke has been 
extensively discussed in reviews by the Surgeon General (1) and the National 
Research council (2). More recent data have been discussed in recent reviews 
(3,28-30) and in a recent IARC Monograph (31,32). Included in the IARC 
Monograph and other publications is a review of the combustion conditions 
associated with the formation of both mainstream and sidestream tobacco smoke 
(3,33). The major differences between mainstream and sidestream tobacco smoke 
arises from the lover combustion temperatures associated with the formation of 
sidestream tobacco smoke (3,33), leading to an increase in the amounts of 
distillation products and a decrease in the amounts of combustion products 
present. As a result, sidestream smoke is more alkaline than mainstream smoke 
(34) . This alkalinity results from the increased amounts of ^containing bases 
present as distillation products in the sidestream smoke aerosol. However, the 
combustion zone of mainstream smoke is more oxygen deficient than the combustion 
zone of sidestream smoke and, as a result, the CO 2 /CO ratios are higher for 
sidestream smoke than for mainstream smoke. 

The expected composition of freshly generated sidestream tobacco smoke is 
given in Table I The amounts of most constituents in sidestream tobacco smoke 
are little effected by brand, tobacco moisture content, or mainstream combustion 
parameters for combustion of comparable amounts of tobacco (3). As a result , 
sidestream tobacco smoke emissions, and since sidestream tobacco smoke is 
responsible for most of the environmental tobacco smoke in indoor environments, 
environmental tobacco smoke composition in an indoor environment should be 
predictable from a knowledge of the number of cigarettes smoked as a function of 
time. This prediction will be altered by changes in the phase distribution and 
chemical composition of the environmental tobacco smoke as it ages in an indoor 
environment. 


Gas-particulate Phase Distribution _of Some Compound* _In Envlrgmgml 

Little is known about the distribution of organic compounds between the gas 
and particulate phases of environmental tobacco smoke (2,3,6,13-15,35). Recent 
studies have shown chat most of the volatile nitrogen containing compounds such 
as nicotine, myosaine and pyridine are predominantly present in the gas phase of 
environmental tobacco smoke (14-16,18,20,35,36). Acrolein, formaldehyde and 
acetaldehyde are major toxic constituents of the gas phase of environmental 
tobacco smoke (1,2) . The distribution of many mutagenic and/or toxic compounds, 
such as the N!- nitr os amine s, between the gas and particulate phases of 
environmental tobacco smoke is presently not known (2). For most of the seai- 
volaclle organic compounds the phase of the compound is not veil known. The 
phase distribution of nicotine has been extensively studied. While nicotine is 
undoubtedly present primarily in the particulate phase in sidestream tobacco 
smoke generated in small combustion devices ( 3 ), it is present as the gas phase 
species In sidestream tobacco smoke in a chamber (37,38). The equilibration 
from the particle to the gas phase is very rapid (14,16,39,40):. The more 
alkaline pH of sidestream tobacco smoke (34) may be, in part, responsible for 
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Table I. Gas and Particulate Phase Compounds Potentially Useful as Tracers of 
Environmental Tobacco. (Data are From References 14,15,19,21,41,50,96) 



Class 

Examples of 




Chemical 

wt% of 

Identified 

jiKol Compound/Ho 1 CO 

% Compound 

Class 

Parcicle 

Compounds_ 

Gas Phase 

Particles 

in Sag. Phase 

Particles; 




4.22±0.82g/mol CO 

HUtagenlcity 



6.4711.15revertants/pmol 

Alkanes/ 

3.610.5 

Phytadiene 

_a 

1384 13 


Alkenes 


n-Hentriacontane 


931 29 




1,3-Butadiene 31001850 -- 

100 



Isoprene 

1920015600 


100 



Solanesol 


219443 

0 

Bases 

10.911.2 

Nicotine 

1250013600 

3931150 

98.341.4 



Myosaine 

3751 38 

14.711.7 

96.110.9 



Nicotyrine 

16± 6 

10.613.3 

60 120 



Gotinine 

18.219.4 

17.717.0 

54.6412.8 



Pyridine 

11801 72 

< 5 

100 



3 - Ethenylpyr Idine 

13701460 

< 5 

100 



2 -Ethenylpyridine 

207± 36 

< 5 

100 

Sterols 

0.510.1 

Campesterol 


6.442.4 

0 



Stigmasterol 


12.146.5 

0 



^-Sitosterol 


9.147.5 

0 



Cholesterol 


5.941.3 

0 

Sterenes^ 

0.410.3 

24-HeC-3,5-dien 


8.818.5 

0 



24-EtC-3,5,22-Crien - 

6.843.4 

0 

PAH 

< 0.1 

Pyrene 


0.0240.01 




Phenanthrene 


0 . 1110.02 


Inorganic 


NO 

3670013200 

0 

100 



no 2 

2520+ 430 

0 

100 



HNO 3 

961 127 

921 55 

44 124 



hno 2 

465011300 

541 40 

98.71 1.0 



S0 2 + Sulfate 

711 52 

711 40 

49 123 



nh 3 

5190015400 

1551 34 

99.61 0.2 



Potassium 

0 

8401150 

0 



Calcium 

0 

3401100 

0 


a -- - - not determined. 

^ MeC and Etc - Methylcholesta and Ethylcholestai. 
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che rapid displacement of the non-proconaced nicotine from the particles (3). 
In addition to nicotine, nicotyrine, myosmine, pyridine and alkyl pyridine 
compovinds are also present only or predominantly in the gas phase (14,15,20, 
39). The identification of the gas-particle phase distribution of organic 
compounds of toxicological interest is an area of needed research. 

There is an apparent difference in total mass in sidestream emissions from 
a cigarette in studies conducted using a small combustion and collection device 
as compared to studies conducted using an environmental chamber (29). The 
chamber studies give emission values which range from 6 to 11 mg 
particles/cigarette while che other studies give values with 11 mg/cigaretce as 
the lower end of the measurements. The differences cannot be accounted for 
based on selective deposition loss of particles in the chamber experiments as 
the dkta are generally obtained in chambers immediately after combustion of the 
cigarette (13,14,17,19). The difference appears to be real. Many of the 
organic constituents of sidestream tobacco smoke are volatile and losses of 
material from the particles as the smoke is diluted would be expected (41), It 
is assumed in the ddta interpretation given in this review that this is the 
case. The amount of particulate matter in environmental tobacco smoke resulting 
from the combustion of a cigarette is assumed to be about 10 mg. 

If the differences in particulate: matter observed in the two types of 
chemical characterization experiments (chamber v£ combustion apparatus) are due 
to volatilization of organic compoundh as the smoke is diluted into a room, then 
available data (29) suggest that about 1/2 of the generated sidestream particle 
mass is rapidly lost to the gas phase during dilution and aging in an indoor 
environment. Gas phase hydrocarbon measurements (14) and the results of 
radiotracer labeled experiments (42) are consistent with this hypothesis. The 
existence of large amounts of gas phase hydrocarbons which can be readily 
condensed back to particulate phase material has also been suggested by chamber 
experiments involving UV radiation of sidestream environmental tobacco smoke 
(14). The concentration of particles present in the irradiated sidestream 
mixture doubles in less than one hour as a result of chemistry induced by the UV 
radiation. This includes the movement of most of the gas phase nicotine back to 
the particulate state (13,14). Comparable chemistry apparently occurs in 
environments with unvented combustion heaters. The gas phase compounds 
responsible for this observed chemistry are not now known. The identification 
of gas phase compounds in environmental tobacco smoke may help determine which 
species are responsible for sensory irritation in sensitive individuals (43- 
46). 


CHANGES DURING THE AGING OF ENVIRONMENTAL TOBACCO SMOCK CONSTITUENTS IN AN 

INDOOR ENVIRONMENT. 

Environmental tobacco smoke is a complex mixture of gas and particulate 
phase compounds. During aging of environmental tobacco smoke in an indoor 
environment, changes in the chemical composition will 1 occur. These changes will 
include coagulation of particles to alter the particle size distribution 
(13,47,48) changes In the gas/particle distribution of semi-volatile compounds 
(14), and possible chemical changes due to reactions (13,14,22,39,40,49). In 
addition, the chemical composition of environmental tobacco smoke may be altered 
diiring aging in an Indoor environment because of differences in the removal race 
of various constituents as the environmental tobacco smoke is aged, is 
recirculated In the indoor environment and is mixed with outside air 
(22,23,35,50). 

Many gas phase components of environmental tobacco smoke have been shown to 
be rapidly removed in indoor environments. Several studies have shown that the 
removal race for gas phase nicotine and other basic nitrogen compounds is much 
faster than the removal rates for particles or non-reactive gases such as CO 
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(15,18,19,22,23,28.35,39,40,50). The relative removal rates may depend on local 
environmental factors such as vail coverings, furnishings, presence or absence 
of people, air flow, etc. Thus, environmental tobacco smoke will be a 
constantly changing mixture due to loss of material as a result of adsorption or 
decomposition and due to changes in gas/particulate phase equilibria for 
volatile species. 

Several studies in controlled indbor environments have shown that nicotine 
is removed much faster chan are GO, RSP, NO, gas phase hydrocarbons or specific 
particulate phase compounds (18,22,23,50,51). The importance of these 
laboratory observations with respect to environmental tobacco smoke in typical 
indoor environments is best illustrated by comparing the concentrations of 
nicotine to fine particulate matter in both controlled and indoor atmospheres. 
The ratio of RSP to total nicotine has been reported by several investigators. 
Experiments conducted in chambers with inert walls or in experiments with 
minimal residence time of the generated sidestream smoke (14,17-19,50,52) give a 
ratio of about 2-4 g RSP/g nicotine in diluted side stream tobacco smoke. 
Values determined in sidestream smoke emissions vary from 2 to 6 g RSP/g 
nicotine (3,4,7,11) with the higher values probably resulting from partial loss 
of some nicotine to the gas phase during sample collection on a filter 
(37,38,52). The studies of environmental tobacco smoke conducted in non-Teflon 
chambers give higher ratios of RSP to nicotine, probably because of the more 
rapid removal of gas phase nicotine by chamber components (15,18,22,23,50,52). 
Results from decay studies in chamber or controlled environment experiments are 
shown in Figure 1. The ratio of nicotine/RSP increases slightly with time in 
experiments conducted in a Teflon chamber (13,14) because gas phase nicotine is 
stable in this environment, but the concentration of particles decreases by 
evaporation and by loss of particles to the chamber walls. In all the other 
study environments, the rate of decay of gas phase nicotine is greater than the 
rate of loss of particles. 

Steady-state experiments in ventilated chambers with individuals present or 
in well controlled experimental indoor environments give values of around 10 to 
15 g RSP/g nicotine (19,22,23,53-56). This ratio is larger than that which 
would be seen if people (and the accompanying absorptive surfaces) were not 
present. For example, in studies in the chamber at the U.S. Environmental 
Protection Agency (19) the ratio of RSP to nicotine when the chamber had people 
in it was 13 g RSP/g nicotine;. In the empty chamber, the ratio was determined 
to be 3.0 g RSP/g nicotine, a ratio consistent with the value obtained for 
sidestream smoke (3,5,7,11) and in inert chambers (13,14,50,52). It has been 
uggested that nicotine may be a good tracer of environmental tobacco smoke 
particles in indoor environments. However, experiments conducted in indoor 
environments indicate that the observed ratio of particles to nicotine present 
in atmospheres dominated by smoking varies from 3 to 80 g RSP/g nicotine 
(7,15,50,53,57-61), Figure 2. The ratio generally increases with increased 
residence time and/or decreased total nicotine concentrations. This same trend 
in observed for the limited data which are available on concentrations of 

nicotine and concentrations of UV-PM, which is believed to be indicative of the 

RSP originating from environmental tobacco smoke (28,66). Because of the rapid 
removal of nicotine from indoor environments, the use of nicotine as a tracer 
and of nicotine and its metabolites, cotinine and 3-hydroxycotinine, as 
biological markers for determining exposure to environmental tobacco smoke in 
studies of passive smoking has been questioned (15,28,29,50). The measurement 
of gas phase nicotine or even total nicotine may underestimate exposure to the 

particulate phase and possibly other components of environmental tobacco smoke. 

There are a few studies which report changes in the chemical composition of 
environmental tobacco smoke as it ages in an indoor environment. In the absence 
of external oxidizing agents or UV light:, NO in environmental tobacco smoke is 
only very slowly converted to N<>2, HNO 2 , and possible organic nitrogen-oxide 
compounds (13) . In the presence of a strong UV light source, this conversion is 
rapid (13). In addition, under these extreme conditions, the photochemistry 
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Figure i Change in the ratio of nicotine to RSP 
with time in chamber and controlled indoor 
experiments (Data are from reference 28). 
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Figure 2 The ratio of RSP to nicotine as a 
function of nicotine concentration in indoor 
environments. The concentration of nicotine on the 
abscissa is divided by 2 for the open data points 
(from reference 28 and 50). 
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leads to the doubling of total particulate matter, the reduction of gas phase 
basic compounds, loss of solanesol and photochemical alterations in the N- 
containing bases of environmental tobacco smoke (13,39,40,49). The exact 
chemical reactions taking place are not known. Under more realistic conditions 
where some oxidants are introduced into an indoor environment from the ambient 
air (22)', the same reactions appear to occur but at a greatly reduced rate. 

These changes in environmental tobacco smoke composition over time 
complicate the assessment of health effects associated with exposure, and may 
preclude the accurate measurement of human exposure to specific compounds 
without actual measurement of the compounds of interest. 


TRACERS OF EXPOSURE TO EHVXR0R1EHXAL TOBACCO SMOKE 

The assessment of environmental tobacco smoke exposure is complicated by 
the presence of significant amounts of organic material in both the gas and the 
particulate phase and by changes in the relative composition of the two phases 
with time. The development of accurate markers for estimating exposure to 
environmental tobacco smoke will be dependent on the determination of the 
chemical composition of both the gaseous and particulate components of 
( ’ironmental tobacco smoke and the elucidation of changes in that composition 
vj.ch time in Indoor environments. As summarized in the National Academy of 
Sciences review (2), a suitable tracer for quantifying environmental tobacco 
smoke exposure should be: 

• unique or nearly unique to environmental tobacco smoke. 

• easily detected in air, even at low smoking rates. 

• similar in emission rate for a variety of tobaccos. 

• in constant proportion to compounds in ETS which affect human health. 

One of the major shortcomings of many studies is that only one measure of 
exposure to environmental tobacco smoke was determined. Therefore, there is no 
way to assess whether the concentration of the species studied is (or is not) 
related to the components in environmental tobacco smoke which may be hazardous 
to health. 

Ghemical tracers of environmental tobacco smoke used to assess exposure in 
the past have included RSP, CO, NQx and nicotine. Recent reviews of 
environmental tobacco smoke studies by the National Academy of Sciences (2) and 
the U.S. Surgeon General (1) reach the same conclusion: the only tracers 

prr-'iously used which may be related to actual exposure to environmental tobacco 
smc.^a are concentrations of nicotine and!.RSP. 

CO and N0 V as Tracers of Environmental Tobacco Smoke. 

Components of environmental tobacco smoke which are not specific to ETS but 
/hich have been used to assess exposure to environmental tobacco smoke include 
;0 (1,25,46,57,63,64) and NC^ (1,46,56). Both of these gases can be measured in 
ndoor environments by a variety of techniques as illustrated in the referenced 
irtlcles. Comparison of the chemical composition of environmental tobacco smoke 
n chamber experiments. Table II, (13,14,17,18,64,65) and the relationship 
etween CO concentrations and other constituents of environmental tobacco smoke 
n indoor environments suggests that the majority of the CO in indoor 
nvironments comes from sources other than environmental tobacco smoke. Chamber 
xperintents show the ratio of CO to RSP in environmental tobacco smoke is about 
.2 to 0.4 mol CO/g RSP, Table I and IT, (14,17,64,65). The ratio of CO to RSP 
n restaurants impacted by modest levels of smoking has been reported to average 
bout 4 (57) and 1.0 (66), and in a variety of homes and offices where smoking 
zcurred at modest levels the ration of CO to RSP varies from 0.4 to 6 and 
;>erages 2 (14). Even in environments such as taverns, discos, bus terminals 
id restaurants, where the major source of particulate matter Is from smoking, 
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che CO to RSP ratio varies from 0.4 to 1.5 and averages 0.7 mol CO/g RSP 
(15,64,65) which is generally higher chan seen in controlled chamber 
experiments. Measurements in restaurants of CO and UV-PM (a measure of 
particulate matter more specific co ETS, see next section) give a racio of CO to 
UV-PM of 1.7 mol CO/g RSP (66), a ratio about five times chat expected from 
environmental tobacco smoke. The recent study of environmental tobacco smoke in 
restaurants (66) included the determination of CO in the outdoor environment. 
The outdoor CO concentrations averaged about half of the indoor CO 
concentrations. Correcting the indoor restaurant data for the measured outdoor 
concentrations gives a minimum racio of non-ambient CO to UV-PM of 0.9 mol CO/g 
UV-PM, about three times the expected ratio. Clearly, the majority of the GO 
in indoor environments comes from sources other than environmental tobacco 
smoke. Similarly, the ratio of NO x to RSP reported in Indoor environments 
varies from values comparable to that found in environmental tobacco smoke to 
ratios which are higher by factors of up to 10 (10). In addition, NO and NOx 
have been shown to be only weakly correlated with CO from environmental tobacco 
smoke, even in a controlled indoor environment (56). The results available to 
date show that CO and NOx concentrations will significantly overestimate 
exposure to environmental tobacco smoke (28). 

The only tobacco specific compound which has been used extensively in the 
past to determine exposure to environmental tobacco smoke is nicotine 
(15,19,53,54,57,58,61,67-69) . It might expected that determination of the 
concentration of nicotine in an indbor environment would give a good measure of 
exposure to environmental tobacco smoke. The use of nicotine as a tracer of 
environmental tobacco smoke Is complicated because nicotine is found primarily 
in the gas phase (18,20,3^-38,53,54,57) and because gaseous nicotine is removed 
at a faster rate than particulate phase nicotine or the particulate portion of 
ETS (15,20,22,23,50,57)'. Thus the concentration of gas phase nicotine 
underestimates exposure to the particulate phase of environmental tobacco smoke 
and possible to the concentration of many gas phase environmental tobacco smoke 
constituents, e.g. see Figure 2 and related discussion in text. 


Estimation of exposure to environmental tobacco smoke based on the 
determination of nicotine has been done both by determining airborne 
concentrations of nicotine and also by determining the concentration of nicotine 
and its principal metabolite, cotinine, in body fluids (68,70-88) . Studies in 
which exposure has been determined by the use of questionnairesand dose 
measured by urine levels of nicotine and cotinine (72,75,76-79,81,82,84,85,89) 
have generally yielded poor correlations between exposure and dose. In 
contrast, studies which have determined urine clearance of nicotine and/or 
cotinine and have also directly measured nicotine (68,76,77) or ETS (90) 
exposure have yielded better correlations when the measurements were made over 
time intervals for exposure which are long compared to the rate of clearance of 
the compounds from the body (71,74,91-94). However, it is now known that 
determination of exposure to ETS by measurement of gas phase (or total) nicotine 
probably underestimates exposure to many components of environmental tobacco 
smoke in most Indoor environments by as much as an order of magnitude. This is 
due to the rapid removal of gas phase nicotine as compared to many other 
constituents of environmental tobacco smoke (2,10,15,20 ,22,23,28,29,50,52,57) . 
The usefulness of nicotine and cotinine as biomarkers of exposure to 
constituents of environmental tobacco smoke is limited by the viability of 
nicotine itself as a surrogate for environmental tobacco smoke. 




Total RSP is the tracer for environmental tobacco smoke most extensively 
used in past studies (1,2) because of the ease with which it may be measured. 
Even though RSP is elevated in environments where smoking is present, about one 
half of the RSP in these Indoor environments cooes from sources other than 
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environmental tobacco smoke. RSP thus overestimates exposure to environmental 
tobacco smoke (15,25,66,96). The measurement will be even more insensitive for 
the determination of ETS exposure as controls are implemented and the 
concentration of tobacco smoke decreases in controlled environments. 

A technique which has the promise of being specific for particulate matter 
from environmental tobacco smoke (47,62,66,101) is based on the measurement of 
the UV absorption of a methanol extract of the collected particulate matter. 
The resulting measure is referred to as UV-PM, UV determined particulate matter. 
The UV-PM measurement is better correlated with the estimated amount of 
environmental tobacco smoke than is the corresponding measurement of nicotine 
(28,62,66). The measurement of UV-PM may provide a specific measure of 
particulate matter from only environmental tobacco smoke (62,66,101) but 
additional work needs to be done to determine if other sources of RSP may 
contribute to the UV-PM concentrations. 


Studies of particulate mutagens in indoor atmospheres suggest that 
environmental tobacco smoke may be the principal source of mutagenic compounds 
( .t! particles present in indoor atmospheres (55,59,68,98,99). While there are 
many potential sources of mutagens in the environment (100-103), current data 
suggest that environmental tobacco smoke is the principal source of particulate 
mutagens in indoor environments (19,55,99) and that the emission rate of 
mutagenic material in the particulate phase of environmental tobacco smoke is 
constant (65,99). The mutagenic activity of particulate matter in rooms where 
smoking is occurring is much higher than concentrations seen in the absence of 
smoking,, and the mutagenic activity is correlated with the number of cigarettes 
smoked (55) and is consistent with the results of chamber experiments (J9). 
However, the determination of particulate mutagens in indbor environments 
requires the use of specialized microsuspension techniques (55,65) . 

McCurdy, et al. (59) have reported on the simultaneous determination of the 
mutagenicity of particulate matter, concentrations of RSP and concentrations of 
nicotine in a bingo parlor and in a casino. A comparison of the observed 
concentrations of RSP and mutagens (28,59) indicates that in the environments 
studied there is a background of non-mutagenic particulate matter of about ** 
g/m^ with increasing mutagenicity of the particulate matter as the concentration 
of environmental tobacco smoke RSP increases. The mutagenicity of this ETS-RSP 
agrees with the mutagenicity of ETS determined in chamber studies (65,99). The 
[ ta also indicate that nicotine from environmental tobacco smoke is lost more 
rapidly than either RSP or nicotine in the indoor environment and that the 
concentration of nicotine leads to an underestimation of environmental tobacco 
smoke particles and particulate mutagenicity (28). The loss of nicotine may 
also explain the lack of correlation of RSP mutagenicity with biological 
measures of exposure, 1.e. urine concentrations of cotinine and nicotine in the 
population studied (59). Further studies on the potential use of mutagenicity 
as a measure of exposure to environmental tobacco smoke are needed!. It should 
be noted that urine mutagenicity cannot be vised to assess exposure (2,87, 
105,106) because of the effect of other sources of mutagens, such as diet. 


JjHVXK-J^■ M<I'f f Wt ■j 1*1 A- 


The fourth criteria from the National Academy of Sciences review of 
environmental tobacco smoke (2) listed in the introduction to this section 
requires that a tracer for assessing exposure to environmental tobacco smoke be 
present in the indoor atmosphere in constant proportion to compounds in 
environmental tobacco smoke which affect human health. The tracer which has 
been emphasized in studies conducted to the present is gas phase nicotine. 

While gas phase nicotine meets the requirements of being unique to ETS, being 
easily measurable in the environment and having a similar emission rate for many 
commercial brands of cigarettes, the concentration of nicotine relative to most 
other constituents of environmental tobacco smoke is not constant in an indoor 
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environment. The initial data available on the two tracers, UV-PM (62,66) and 
particulate mutagens (71), indicate that these may be conserved relative to most 
components of environmental tobacco smoke in an indoor environment. It is not 
clear, however, that the measurement of these two tracers will be unique to 
environmental tobacco smoke, especially at low concentrations of emission and 
subsequent exposure to a population. In addition, neither of these two tracers 
can be used to develop techniques for the assessment of biomarkers for 
determining human dose. Additional tracers are needed. 

The results from studies by Brigham Young University (15,22,23) and a 
larger study by R.J. Reynolds Tobacco Company (66) suggest that 3~ 
ethenylpyridlne may be a conservative tracer of environmental tobacco smoke in 
indoor environments. This compound is present at about concentration expected 
relative to environmental tobacco smoke particulate matter in a variety of 
indoor environments (15,22). In contrast, the relative amount of nicotine 
present in indoor environments is much lower than expected based on the chamber 
experiments because of the selective loss of gas phase nicotine. The potential 
use 3-ethenylpyridlne as a tracer of RSP in environmental tobacco smoke should 
be studied further. 3-ethenylpyridlne is present only in the gas phase in the 
indoor environment and may be determined using passive sampling devices (14), 
diffusion denuders (14,15) or sorbent beds (22,39,40,66). In fresh 
environmental tobacco smoke there is about 9 times as much nicotine as 3- 
ethenylpyridine. Table 1. However, because of the selective loss of gas phase 
nicotine in indoor environments, the concentration of gas phase 3- 
ethenylpyridine in indoor environments is comparable to the concentration of gas 
phase nicotine (15,22). 3 - Ethenylpyridlne may be determined with a detection 
limit comparable to that for nicotine using similar sampling systems. 

A compound unique to the particulate phase of environmental tobacco smoke 
which should be studied as a potential tracer Is solanesol (21,49,66,104). 
So lane sol, (3,7,11,15,19,23,27,31 ^5 -Noname thyl - 2,6,10,14,18,22,26,30,34- 
Hexatr iacontanonaen-1 - o I) , 

ch 3 ch 3 

II I 

CH 3 -C-CH-(CH 2 -CH 2 -C-CH] 8 -CH2“OH, HW - 631 

is a trisesquiterpenoid of trans isoprene units which is present at about 3 wtt 
in the particles from environmental tobacco smoke, Table I. The large molecular 
weight assures that it will be present only in the particulate phase in 
environmental tobacco smoke. The compound can be collected by conventional 
indoor sampling systems and determined by gas chromatography (21,49,56,104), or 
supercritical fluid chromatography (49). The limited data available to date 
(21,49,66,104) indicate that the concentration of solanesol in environmental 
tobacco smoke particles is conserved in the environment. 

A recent report by Ldfroth et al. (19) of chamber studies of environmental 
tobacco smoke suggests that isoprene may be used as a gas phase tobacco smoke 
tracer in indoor environments. The amount of isoprene emitted in sidestream 
smoke is comparable to the amount of nicotine produced. Table I. In addition, 
samples collected Indoors and outdoors of a tavern indicate that background 
concentrations of isoprene may be negligibly small compared to the Indoor 
concentration from environmental tobacco smoke. Equally important, the ratio of 
Isoprene to RSP, nicotine or particulate mutagenicity from environmental tobacco 
smoke in the tavern was comparable to that observed in the chamber studies. 
Additional work needs to be done in indoor environments with lower 
concentrations of environmental tobacco smoke to determine if isoprene is a 
conservative tracer and to establish if other sources, such as vegetation, may 
be significant. 

Gas phase 3-ethenylpyridlne and Isoprene, and particulate phase solanesol 
may be good tracers for environmental tobacco smoke (15,21-23,65,66,104). 
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However, Che viability of these compounds as craters for assessing exposure to 
environmental tobacco smoke has not yet been extensively tested (15,66). The 
relationships among these compounds and between these compounds and ocher 
constituents of environmental tobacco smoke in indoor environments needs to be 
established. If 3-«Chenylpyridine and/or isoprene are shown to be conservative 
tracers for both, many gas phase constituents and for the particulate phase of 
environmental tobacco smoke, then these could possibly serve as the basis for a 
tobacco specific passive monitor or for a biomarker for assessing exposure to 
environmental tobacco smoke. 
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Environmental tobacco smoke (ETS) is derived from cigarette smoldering and active smoker 
exhalation. Its composition displays broad quantitative differences and redistributions between 
gas and respirable suspended particulate (RSP) phases when compared with the mainstream smoke 
(MSS) that smokers puff. This is because of different generation conditions and because ETS is 
diltned and ages vastly more than MSS. Such differences prevent a direct comparison of MSS 
and ETS and their biologic activities. However, even assuming similarities on an equal mass 
basis. ETS-RSP inhaled doses are estimated to be between 10.000- and 100,000-fold less than 
estimated average MSS-RSP doses for active smokers. Differences in effective gas phase doses are 
expected to be of similar magnitude. Thus the average person exposed to ETS would retain an 
annual dose analogous to the active MSS smoking of considerably less than one cigarette dispersed 
over a 1-year period. By contrast, consistent epidemiologic data indicate that active smoking of 
some 4^5 cigarettes per day may not be associated with a significantly increased risk of lung 
cancen Similar indications also obtain for cardiovascular and respiratory diseases. Since average 
doses of ETS to nonsmoking subjects in epidemiologic studies are several thousand times less 
than this reported intake level, the marginal relative risks oflung cancerand other diseases attributed 
to ETS in some epidemiologic studies are likely to be statistical artifacts, derived from unaccounted 
con founders and i unavoidable bias, © i99i Academic Pres. tnc. 


INTRODUCTION 

During the last decadte. considerable attention has been devoted to the question of 
whether environmental tobacco smoke (ETS) causes disease in nonsmokers (USSG, 
1986: NRC. 1986: EPA, 1990a); Some epidemiologic studies of nonsmokers presum¬ 
ably exposed to ETS have suggested a marginal increase of risk for some diseases 
previously associated with active mainstream smoking (MSS). These reported risks, 
however, border on statistical and epidemiologic insignificance, and could easily derive 
from i numerous and documented biases and confounders; 

Official i reviews have stopped short of implying a causal role of ETS in most of these 
associations, with a notable exception for lung cancer. This exception has been based 
not so much oni admittedly questionable epidemiology, but on a public health'stance 
of concern driven by percei ved—but largely undocumented—compositional similar- 
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ides of ETS and MSS. and by the implausible assumption that no dose exists below 
which risks are nonexistent or imponderable (USSG. 1986; NRG. 1986: IARC. 1987: 
EPA. 1990a.b). 

This study analyzes the scientific literature on the chemical and physical charac¬ 
teristics of MSS and ETS. their reported specific biologic activities, and the mean 
relative doses of active MSS smokers and ETS-exposed nonsmokers under prevailing 
real life conditions, and finally considers the epidemiologic projections that these com¬ 
bined influences imply. 


PHYSICAL AND CHEMICAL CHARACTERISTICS OF MSS AND ETS 


Mainstream smoke is what smokers generate and inhale. Cigarettes smoldering 
between puffs emit side stream smoke (SSS); which, along with smoke exhaled by 
active smokers (EMS), becomes environmental tobacco smoke after immediate and 
progressive dilution, and aging. Both MSS and ETS result from the combustion of 
the same substrate and lead to exposures to analogous but not necessarily the same 
components, and certainly in different proportions, under different physical conditions, 
and at' very different doses. 

MSS is generated and exists in the well-defined confines of the cigarette and the 
mouth and the respiratory system of smokers. It is formed undfer conditions of high 
relative humidity, results in paniculhtes with mean aerodynamic diameter of about 
0.7 *tm (Hiller ei at. 1982), and is inhaled within a few seconds of its formation with 
little aging or intervening transformations. All this permits a rather precise definition 
of its chemical and physical nature (Dube and Green, 1982). 

On the other hand, any characterization of ETS must recognize its unstable and 
variable nature. The immediate dilution of side stream smoke with air begins a chain 
of physical and chemical transformations that continuously alter the ensuing ETS as 
itages over hours. Smoker-exhaled mainstream smoke also contributes to ETS a certain 
fraction: of gases and the small respirable suspended particulates (RSP) that are not 
retained in the lungs of smokers ( Baker and Proctor. 1990). Actual SSS itself is difficult 
to define because its composition has been shown to vary under different conditions 
of experimental generation (Brunnemann et at. 1978; Eatough el at. 1990): Moreover. 
SSS is not indicative of the physical and chemical changes that occur in ETS as it 
continuously dilutes and ages. 

The experimental generation of SSS-ETS in laboratory chambers after the smoldering 
of a few cigarettes has provided some clues to the composition of ETS (Benner et at. 
1989: Eatough el at. 1989;Tngebrethsen et at. 1988: Pritchard et at. 1988; Vu-Duc 
and! Huynh. 1989; Ingebrethsen and Sears. 1985). Better experiments have been at¬ 
tempted inlarger chambers where humidity, temperature, ventilation rates, and other 
variables could be controlled, also leading to a perception of the differential influence 
of these variables on ETS decay (Eatough et at. 1990; Baker and Proctor. 1990; Tang 
ei at. 11988; Ingebrethsen et at.. 1988). However, such data still fail to represent actual 
life conditions in real environments with a multismoker presence. No comprehensive 
studies have been published so far under such natural settings. The few available 
reports have attempted to measure only selected chemicals, sampled over variable but 
generally short periods of time, making them of dubious relevance to situations of 
prolonged exposure (Proctor et al.. 1989a.b: Lofroth et at, 1988; Carson and Erikson. 
1988: Sterling « ai.. 1988: Oldaker et at.. 1987: Stehlik et at. 1982). In the future. 


Source: https://www.industrydocuments.ucsf.edu/docs/ffnm0000 


I 


2026223964 



90 


GORI AND MANTEL 


more useful data should come from real-liffe ambient conditions with smokers feeing 
present- where new ETS is continuously generated as aging ETS decays, eventually 
establishing quasi-steadv-state conditions and an “average"’ chemical andi physical 
composition of ETS. Thus far. only nicotine and RSP concentrations have been mea¬ 
sured with some appearance of accuracy under such conditions. 

Whilfe several thousand MSS components have been identified in the literature, 
only about 100 components of fresh SSS and EMS have been measured. In addition, 
only fragmentary information is available for diluted ETS components, most of which 
appear to be present—if at all—at levels beyond analytical capabilities (Guerin et at, 
1987: NRC. 1986: USSG, 1986: EPA, 1990a). Today only a few specific and some 
general inferences are possible about the differences of MSS and ETS. SSS; from which 
ETS mainly is derived, is generated under conditions of better oxygenation and contains 
proportionally less carbon monoxide than MSS. It also contains fewer products of 
pyrolysis and distillation. and undergoes immediate cooling and vast dilution with 
air. with the result that ETS-RSP have considerably smaller size than MSS-RSP: with 
mean aerodynamic diameters on the order of 0.1 fim. or 100 to 200 times smaller in 
volume thau MSS-RSP (Ingebrethsen et at, 1988: Ingebrethsen and Sears. 1985). 
Smaller particles tend to evaporate faster and more efficiently than larger ones, so that 
many substances associated with MSS-RSP are more prevalent in the gas phase of 
ETS. This andlthe somewhat more alkaline conditions of SSS cause nicotine to appear 
in> the ETS gas phase almost exclusively, while it is mainly associated with particulates 
in MSS. 

As ETS ages, particle concentration and total mass decrease because smaller particles 
eventually coalesce, while mass is lost to diffusion/evaporation and to electrostatic 
and gravitational deposition (Bindfi, 1978: Benner, 1989). The process continues with 
dynamics that depend on temperature, pressure and relative humidity, electrostatic 
conditions, ambient geometry and surface composition (furniture, fabrics, paints, 
crowding, etc.), ventilation rates, type and number of cigarettes smoked! mode of 
smoking, andi other variables (Baker and Proctor. 1990). 

In time. ETS gases and RSP adsorb to ambient surfaces and are disposed of by 
ventilation, while adsorbed substances may again desorb and recirculate in gas or 
vapor form; as has been suggested to happen with nicotine. Complex chemical trans¬ 
formations also occur because of interactions among molecules, oxidation, and prob¬ 
ably photochemistry when UV radiation is present (Proctor, 1990). These continuous 
transformations occur at rates peculiar to each environmental situation and therefore 
result in physical states and chemical compositions that can be substantially different 
from place to place and from time to time. 

In general, the better measures and estimates of ETS pertain to suspended partic¬ 
ulates. a complex of substances that is apparently more stable and more measurable 
than individual substances. MSS-RSP appears to contain the smoke fractions capable 
of producing certain tumors in experimental animals. However, given that ETS and 
MSS have substantial differences in component concentration and partitions between 
gas and particulate phases, the issue of their relative biologic activity cannot be answered 
beyond some sensible conjecture. Past and also recent laboratory studies indicate that 
the biologic potencies of MSS-RSP and SSS-RSP seem virtually equivalent, with no 
detectable potency noted in the semivolatile fractions (Grimmer et at, 1988: Stanton 
et at, 1972). These data, however, pertain to the relative position of MSS-RSP and 
SSS-RSP condensates, andltheir relationship to ETS-RSP condensates has not been 
resolved. Other studies have reported that the in vitro mutagenic activity of MSS and 
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ETS may be roughly comparable, although the biologic significance of such data is 
speculative (Claxton et al„ 1989). 


MEASUREMENT OF EXPOSURE 

In the case of MSS the relative ratios of smoke components remain comparatively 
stable. Based on internal markers, the measurement of exposure and dose intake has 
been reasonably well defined, especially as pertains to RSP, nicotine, carbon monoxide, 
and other specific components (Gori, 1990). However, and despite several attempts 
at definition, selected markers have been rather disappointing surrogates for total ETS 
intake or exposure estimates. 

A reasonable environmental marker should be specific to ETS* be easily detectable, 
and have a nearly constant ratio to other ETS components (NRG, 1986). Given the 
variable chemical and physical nature and the extreme dilution of most components 
of ETS. it is not surprising that a satisfactory marker of exposure has not been identified. 
For that and other reasons, an internal marker of actual ETS intake or dose has proven 
to be even more difficult to idfentify. 

Most epidemiologic studies have measured exposure by means of recall question¬ 
naires. with results that are problematic even at qualitative levels. Aside from the 
inability of virtually all epidemiologic studies to define whether exposure or lack of it 
was correctly reported—especially with data from proxy respondents-—the issues of 
intensity and duration of exposure have hardly been addressed by questionnaires. 
Even when problems of subject misclhssification, respondent bias, and correction for 
background ETS exposure could be addressed, questionnaires have produced no more 
than rough indexes of exposure. The collection of dependable information on actual 
doses at specific target sites and at different times has not been possible (Wu-Williams 
and Samet. 1990: Cummings et at, 1989: McCarthy et at. 1987), 

Hopes have been placed on nicotine and its metabolite cotinine as possible markers 
of ETS intake and actual internal dose (Cummings et al.. 1990: Jarvis. 1989: Couitas 
et at. 1987;,Jarvis et at. 11985: Hoffmann et at. 1984). Unfortunately ETS-nicotine 
resides mostly ini the gas phase and decays at rates quite different from other ETS 
components, to which it will have ratios that are variable in time and largely unpre¬ 
dictable (Tang eiat. 1988): Plasma cotinine levels suffer from similar and other short¬ 
comings. although they have been shown to correlate with self-reported exposure to 
ETS (Cummings et at. 1990: Jarvis, 1989). Reports also suggest that physiologic clear¬ 
ance of nicotine and cotinine at low plasma levels may proceed at much slbwer rates, 
likely because of slower release from preferential body compartments (Lewis et at., 
19901j Until these low-level kinetics are better understood, low plasma levels of nicotine 
and cotinine are likely to lead to substantial overestimations of intake doses. As such, 
nicotine and cotinine may provide a dichotomous index of contemporary exposure, 
but they remain inadequate as quantitative estimators of exposure, actual ETS dose, 
or their variation over an individual’s life. 

The ratio of ETS-nicotine to ETS-R5P has been suggested as a possible means to 
determine RSP intake from plasma nicotine levels, but such ratios appear too variable 
to be useful (Oldaker et at. 1989). DNA and protein adducts have been proposed as 
markers of internal ETS dose, even though their specificity to ETS and their relationship 
todisease. especially to cancer, are in question (Randerath et al., 1989; Harris et al., 
1987). Moreover, recent studies have reported no increase in DNA adducts in non- 
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smokers exposed to ETS (Hoik et at, 1990). The reported mutagenicity of urine samples 
in ETS-exposed nonsmokers also has proven elusive as a marker, largely because 
results may not be distinguishable from background rates andl because of interferences 
from dietary sources.(Scherer eiat. 1987. 1989: Mohtashamipur el at. 1987: Sorsa 
ei at. 1985). 

There has been great interest in measuring ETS-RSP directly, since its physical 
properties make for more positive identification and because biologic activity may 
reside specifically in the particulhte phase, both in terms of its components and in 
terms of its longer residence time and cellular contact in the lungs. However, suspended 
particulates in air may be derived from many sources, and measurements of ETS- 
RSP need to be corrected for non-ETS RSP background. Several studies have reported 
differential 1 values in the same settings under smoking and nonsmoking conditions 
(Repace and Lowrey, 1980: Weber and Fisher. 1980: Sterling el at. 1987: Miesner. 
1988: Kirk eiat. 1988aib: Turner. 1988). It is obviously difficult to duplicate conditions 
of room occupancy, clothing, human traffic, ventilation; etc., where the only changing 
variable is smoking or not smoking. These problems have been much discussed, so 
that greater credibility can be accorded to the latest published studies. According to 
the more recent measurements of ETS-RSP in homes and workplaces, and allowing 
fbr differences of nonsmoking and smoking situations, a liberal estimate of ETS-at- 
tribuiable-RSP mean concentration in ambient air is less than 50 Mg/nT (Table H). 

In regard to exposure to ETS gas phase components, it is enlightening to compare 
the concentrations of representative ETS components with the corresponding threshold 
limit values (TLVs)i as established by the American Conference of Governmental and 
industrial Hygienists for workplace safety. Incidentally, such values include consid¬ 
erable safety factors and are usually lower than the permissible exposure levels (PELs) 
established 1 by the National Institute for Occupational Safety and Health (NIOSH) 


TABLE I 


Concentrations of RSP from ETS and Othfr Sources in Various Environmental Settings 
with and Without Smoker Presence 




RSP concentration (Mg/m J ) 

Reference 

Site 

No smoking 

Smoking 

Coultas ei ai. (1990a) 

Homes 

NA 

17 

Sheldon et ai: (1989) 

Homes 

22° 

65° 

Spengler et ai (1981) 

Hbmes 

NA 

20 

Spengler et ai. (1985) 

Offices 

39* 

72° 

Proctor et ai. (1989b) 

Offices 

8* 

23* 

Oldaker ei aL (1990) 

Offices 

NA 

27* 

Miesner (1988): 

Offices 

15° 

36" 

Sterling e/ aL (1983) 

Office buildings 

15^ 

29" 

Coultas et aL (1990b) 

Workplaces 

NA 

64" 

Oldaker et ai: Cl 990) 

Restaurants 

NA 

36* 

Crouse (1988) 

Restaurants 

NA 

34* 

Proctor (1990) 

Public transport 

14* 

36* 


Sole. NA. data not available or not applicable 
‘ Based on total I RSP. 

* Based on UV-RSP ponion of total RSP. 
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and the Occupational Safety and Health Administration (OSHA). Table 2 gives some 
examples for selected indicator substances representative of related chemical families. 

The estimates in Table 2 assume maximum recorded SSS emissions, no ventilation, 
no surface adsorption, and no intervening decay of any sort. However, official reports 
give estimates of the range of the ratios of MSS/ETS concentrations for selected com¬ 
ponents (NRC. 1986). These were found to vary as follows: 

MSS/ETS ratios 


Nicotine 

57,333 

to 

7,200,000 

Benzo[a]pyrene 

68 

to 

40,740 

Acrolein 

1,500 

to 

20,833 

Benzene 

112 

to 

7,167 

Acetone 

240 

to 

2.000 


Such valiies show the extremes of dilution that ETS has displayed under various 
conditions, and suggest that the number of cigarettes required to attain TLVs under 
realistic conditions would be orders of magnitude higher than the conservative estimates 
listed in Table 2. 

ESTIMATING RELATIVE DOSES OF MSS AND ETS RSP 

Although certain assumptions are necessary in estimating ETS-RSP doses, they are 
based on simple facts or on measurements that are fairly well verified! With this in 


TABLE 2 


Estimated Number of Cigarettes Required to Reach TLV Levels from SSS Emission of 
Selected Chemicals in a Sealed and Unventilated 100-m 3 Enclosure 


SSS component 

SSS output* 
<mg/cigareitel 

TLV* 

(tng/m 3 ) 

Cigarettes 

required 

Methylchlonde 

0.88 

10.30 

1.170 

Hydroquinone 

0.16 


1l250 

Cadmium 

0.0007 

0.011 

1L430 

Acetaldehyde 

1.26 

1180 

1L430 

Acetjc acid 

1.5 

25 

K660 

Nitrogen oxides 

2.8 

50' 

1.780 

Formic acid I 

0,525 

9.4 

1.7:90 

Pyridine 

0,39 

16 

4.100 

Phenol 

Gj25 

19 

7,600 

Methyl amine 

0! 

13 

13,000 

Benzene 

0.24 

32 

13.300 

Catechol 

0.14 

23 

16.500 

Nickel 

0.0025 

1 

40.000 

Dimethyl amine 

0.036 

18 

50.000 

Hydrazine 

0.00009 

0.13 

145;000 

Acetone 

1 

1780 

178,000 

Benzo[ a] pyrene 

0.00009 

0,2' 

222.000 

2-ToIuidine 

0.003 

9 

30OJOQO 

Polonium 210 

0.4 pCi 

3 pCi/liter 4 

750j000 

Toluene 

0.000035 

375 

1.000.000 


* Data from EPA ( 1990a). Table C-2, pp. C-19 and 20. 
‘Data from ACGIH (1990): 
c Based on the TLV for coal tar pitch volatiles. 

‘ EPA (1990c). 
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mind, such estimates seem reasonably realistic and less affected by obvious judgmental 
considerations. Nevertheless, in comparing RSP doses from ETS and MSS exposures 
it also seems reasonable to present results in'analog form rather than as precise point 
estimates, in' recognition of possible uncertainties. 

Assuming a prolonged daily exposure of 10 hr. a typical person would be exposed' 
to a daily ETS-RSP dose of roughly 0.3-0.4 mg after breathing ambient air with a 50 
Mg/m 3 ETS-RSP concentration, at the rate of about 0.7 m 3 /hr (Crawford-Brown. 1987). 
This is equivalent to over a 1000-fold reduction compared with the inhaled dose of 
the average mainstream smoker. 2 

However, an important difference relates to aerodynamic particle size, which tends 
to reduce lung retention of the smaller and probably less charged ETS-RSP particles 
(USSG. 1986). Indeed, available studies indicate an 80-90% efficiency of retention of 
mainstream smoke RSP in the lungs of smokers (Mitchell. 1962; Daihamn et at. 
li969; Hinds ei at. 1983), while other studies show that only some 10% of RSP may 
be retained in the lungs of ETS-exposed subjects (Hiller el aL. 1982). This retention 
differential! has been recognized by the EPA (EPA. 1990a). even though reliable studies 
suggest a substantially greater difference (McAughey el at. 1989. 1990: Crawford and 
Eckerman. 1983). Therefore, based on mass alone, the average dose of ETS-RSP 
retained in the lung may be less than 1/10:000 of average MSS-RSP smoker doses. 

RSPretention. however, does not equate with tissue or individual cell dose, which 
is the important issue given that cancer is thought to begin with cellular events. Among 
other things, cell dose will depend on quantity available per cell, proximity to cell 
surface, cell! surface exposed, cell surface permeability, and duration of contact. Cellular 
dbse is therefore modulated by mucociliary clearance and by the permeability of lung 
epithelium (Gerde et al.. 1991). Ih this regard, published data indicate that average 
mucociliary clearance is some threefold greater in nonsmokers than in smokers (Vastag 
et at. 1985: Foster et at, 1985). while average airway mucosal permeability appears 
to be about one third as great in nonsmokers as in smokers (Kennedy et al. 1984), 
probably as the result of a thicker and more viscous mucous layer (Zavas et at. 1990): 
Although these studies involve a relhtively small number of subjects, they indicate 
that the effective cellUlar dose in ETS-exposed nonsmokers may be further redUced 
by close to 90% when compared with active smokers, due to clearance and permeability 
factors alone. 

Together, these considerations suggest that the lung cell doses for average ETS- 
exposed nonsmokers are probably between 1/10.000 and 1/100:000 of equivalent cell 
doses for average mainstream active smokers, In practical terms, this implies an annual' 
retained dose of tobacco smoke components equivalent to far less than the dose from 
the active smoking of one cigarette somehow evenly dispersed over a 1-year period 
(see Footnote 2). 


MSS AND ETS: EPIDEMIOLOGIC COMPARISONS 

An annual ETS retained dose equivalent to the active smoking of less than one 
cigarette over the course of H year may be compared with the MSS dose/response 
associations reported with various health conditions. The limit of statistical significance 


2 The average smoker of 30 cigarettes per day inhales some 30 mg of nicotine (Gori and Lynch: 1985). 
The sales-weighted average tar/nicotine ratio for the smoke of commercial cigarettes is 15-18 (FTC. 1985). 
Therefore the average smoker inhales about 500 mg of tar daily. 
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TABLE 3 


Maximum' Levels of Daily Cigarette Consumption at Which Lung Cancer Risk in Male 
Smokers May, Not Be Significantly Increased from the Risk of Nonsmokers. Based on Epide¬ 
miologic Data (See Footnote 3) 


Reference 

Maximum cigarettes/day 

British doctors* 

63 

Swedish men* 

3.9 

ACS. 9 states' 

5.4 

ACS. 25 states* 

0.9 

U.S. veterans' 

0.6 

Canadian veterans' 

116 

Japanese men* 

3.1 

California men* 

7.0 


* From Doll and Peto (1978). 

* From USSG (1979). pp. 5-13. Table 2. 
f From USSG (1982). p. 38; Table 6. 


for such associations would provide a reasonable index of comparison. For lung cancer, 
data from independent studies listed in U.S. Surgeon General Reports yield the results 
in Table 3. after analysis by standard analytical procedures. 3 

Official I sources refer to the British doctors study as the most reliable set of data for 
dose/response analysis (EPA, 1990a). This prospective study appears to be adequately 
documented and offers a reasonably accurate tracing of subjects (Doll and PetO, 1978). 
Thus, data im Table 3 indicate that the active smoking of 4-5 cigarettes/day is not 
likely to be statistically associated with elevated lung cancer risk. This assessment, 
presented here without' undue claim of precision, is in accord with other estimates 
(Wynder. 1991). It suggests that since ETS retained doses are several thousand times 
less than MSS doses from this level of cigarette smoking, they appear insufficient to 
generate elevated risks of king cancer. 

This conclusion is consistent with an increasing body of scientific opinion that MSS 
may act as a'weak promoter rather than as an initiator, supporting the implication of 
no observable epidemiologic risk at lbw doses (Albert. 1989: Doll and Peto. 1981; 

3 Individual studies were analyzed separately: Generally, for each study, the relative risk associated with 
the number of cigarettes consumed daily was listed. The first step in the analysis was to fit the data to a 
function of the form 


RR ** A 0 + A)X. + AiX 2 ,, 

where RR is the relative risk. Ao % A^ and A* are coefficients calculated by the maximum likelihood method] 
and LY is the daily cigarette consumption. Cigarette consumption data are usually expressed in intervals, e.g., 
1-9 The midpoint or the mean value of each interval X 1.25 was used in the calculation, justified by studies 
which indicate an average 30% underreporting of daily cigarette smoking (Hatziandfeu ei aL. 1989; La 
Vecchia. 1986: Jackson and Beaglehole. 19851 The highest consumption values are generally reported as 
open-ended. e:g., 40+. and here the midpoint was set at the given value plus 10. For the British doctors 
study the actual mean values of the intervals were available (Doll and Peto. 1978). The nonsmoker reference 
data points (0.1) were also entered in the regressions. Although other functions were examined] graphic and 
statistical analysis shows that the quadratic function provides an exceptionally good fit to the data, with a 
corrected multiple coefficient of determination close to l in each case. Critical values of daily cigarette 
consumption were calculated as the values at which the lower bound of the 95% confidence interval of the 
estimated RR was unity. 
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TABLE 4 


Maximum Levels of Daily Cigarette Consumption at Which Risk for Coronary Heart Disease 
Mortality in Male Smokers May Not Be Significantly Increased from the Risk of Nonsmokers. 
Based on Epidemiologic Data (See Footnote 3f 


Reference 

Maximum cigarettes/dav 

U.S. veterans 

1.5 

ACS. 9 states 

2.5 

Japanese men 

4.0 

Canadian veterans 

4.5 

British physicians 

4.5 

Swedish men 

2.5 

California men 

3.0 

Swiss physicians 

3.0 


fl Epidemiologic data from USSG (1983), p. 118. 


DolK 1978). Mbreover. epidemiologic studies of MSS categorize exposure by number 
of cigarettes smoked, report multiannual exposure durations, and provide some evi¬ 
dence of commensurate latency times preceding diagnosis. By contrast, most non- 
smokers in households may be exposed to ETS for only a few hours a day, which 
would further tend to increase the distance between MSS and ETS doses. 

The daily le vels of cigarette consumption compatible with no significantly i ncreased 
risk for other diseases associated with active smoking appear to be of the same order 
as for lung cancer. Tables 4 and 5 report the analogous estimates for cardiovascular 
and respiratory disease mortality, with the implication that retained doses of ETS are 
unlikely to be associated with significant risk elevations for such diseases as well. 

CLOSING REMARKS 

Ordinarily his extremely difficult to demonstrate the effects of an agent at Ibw dose 
levels. Rather, after an effect becomes apparent at high doses, the interpretation is 

TABLE 5 

Maximum Levels of Daily Cigarette Consumption at Which Risk for Respiratory Disease 
Mortality in Male Smokers May Not Be Significantly Increased from the Risk of Nonsmokers, 
Based on Epidemiologic Data (See Footnote 3f 

Reference Maximum cigarettes/day 


Chronic bronchitis 


UiS. veterans 

5.5 

Canadian veterans 

2.6 

Emphysema 


U.S. veterans 

2.2 

Canadian veterans 

2.7 

California men 

5.5 

Bronchitis and emphysema 


British physicians 

3.0 

U.S. veterans 



fl Epidemiologic data from USSG (1984), p. 202. 
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made that some effect, however small, would obtain at lower levels. Using some dose/ 
response model an estimate of the effects at low doses, often including some statistical 
confidence intervals, is attempted. 

The difficulty with low level determinations is that often the results fail to be sig¬ 
nificantly different from the null reference. In other words, the confidence limits of 
the effect would likely include the null reference, and/or the actual! estimate of the 
effect might even'be in the direction of protection instead of harm. Indeed, for most 
substances there is some threshold of tolerance below which the organism can cope 
without suffering adverse effects. For that matter it is apparent that levels at or below 
threshold might actually be beneficial in the sense of inducing and stimulating resis¬ 
tance. a process known as hormesis. This is in fact the case for virtually all beneficial 
and even essential substances, which would produce adverse effects when administered 
at excessive doses. 

The ETS of public health concern is what is presented to average nonsmokers under 
commonplace environmental conditions and not the exceptional examples that can 
be created in laboratories. With this stipulation. ETS is a very elusive entity, undergoing 
continuous transformations at extremes of dilution that make efforts to define its 
chemical; physical, and biologic characteristics highly difficult. While the components 
of MSS/SSS may also be present in ETS. it is also clear that with few exceptions they 
are undetectable by the most sophisticated analytical procedures. 

Despite these rarefied dilutions, an ETS hazard has been presumed from a conjectural 
association with MSS (EPA. I990a.b; USSG, 1986; NRC, 1986). Central to this con¬ 
jecture is the presumption of an equivalent chemical and biologic activity of MSS and 
ETS, and of the absence of low doses below which risk would be null or intangible. 
However, current understanding of composition alone is not sufficient to compare 
activities among MSS, SSS. and ETS, and the actual testing in biological systems 
suffers for two main reasons: the need to utilize concentrated laboratory surrogates 
that may have little relevance to actual ETS. and the unresolved obstacles to interpreting 
high-dose-related! animal or in vitro data in terms of equivalent human responses at 
extremely low doses. 

With this in mind, and even assuming that the biologic activities of MSS and ETS 
are of similar order, the reality of the extreme dilution of ETS remains. In this regard 
we have noted that current regulations allow workplace exposures to many ETS gas 
phase constituents at concentrations between thousands of and a million times higher 
than can be expected from commonplace ETS. 

We also offered evidence that if epidemiologic investigations of MSS and lung cancer 
had been confined to the effects of exposure to a few cigarettes daily, they would have 
failed to yield significant risk signals. Similar evidence has been shown to hold for 
other diseases associated with active MSS smoking. At the same time it is apparent 
that subjects included in ETS epidemiologic studies were probably exposed to equiv¬ 
alent MSS-RSP dbses below even a single cigarette per year. Therefore, marginal RR 
values associated with ETS exposures should be imputed to biases, confounders. and 
other weaknesses of the investigations, and any judgment that ETS exposure leads to 
lung cancer and other diseases would flow from argument, not from credible data: 

In fact, die majority of epidemiologic studies of ETS suffer from what appear to be 
irreparable deficiencies. Earlier on we discussed the failure of epidemiologic studies 
in general to define exposure to ETS in terms of duration and intensity in any satis¬ 
factory way. The additional difficulties arising from misclassification of smoking status 
or ETS exposure have been'amply described in the literature. The erroneous classi- 


Source: https://www.industrydocuments.ucsf.edu/docs/ffnmOOOO 


zu&zzzszoz 



98 


GORI AND MANTEL 


ficationiof actual smokers or former smokers as nonsmokers would have serious con¬ 
sequences on epidemiologic results, especially because smokers tend to be married to 
smokers. The National Research Council Committee on Passive Smoking outlined 
the knowledge that would be necessary to assess the impact of classification bias, 
namely, the proportion of the sample that was misclassifted. the proportion of male 
and female subjects, the proportion of married couples that have the same smoking 
habits, and the relative lung cancer risk of misclassified smokers and nonsmokers 
(iMRC. 1986). Although it is self-evident that knowing all this would eliminate clas¬ 
sification bias, these variables have not been measured or reported in studies and 
therefore are subject'to conjectures and assumptions that however educated, have led 
to very different assessments (NRC. 1986; Lee. 1987a). In this regard it is possible to 
state only that misclassification bias is difficult to assess but very probable, and its 
impact could be of sufficient magnitude to explain the marginal lung cancer RRs 
reported by some ETS studies (Lee. 1987b). 

An even greater prejudice to the credibility of ETS epidemiologic studies derives 
from their failure to account and control for the possible confounding by many in¬ 
dependent risk factors. For lung cancer, a selected list of these is given in Table 6. 

Since many of the RRs in Table 4 are substantially larger than any reported for the 
association of lung cancer and ETS. even weak contributions by combinations of these 
confounders would be cumulative and could be more than sufficient to explain the 
marginal lung cancer risks that some epidemiologic studies of ETS have reported. In 
fact it is likely to be so. because these studies have not controlled for the factors of 
Table 4 in any meaningful or comprehensive way, while other investigations provide 
evidence that several of those risk factors cluster and selectively segregate in families 
with smokers (Subar et al., 1990; Morabia and Wynder, 1990; Sidney et aL 1989; 
Whichelow et at, 1988. 1991; Koo et al, 1988: Pisani et ai. 1986: Friedman el at, 
1983); For cardiovascular diseases the independent risk factors reported in the literature 
number over 200. many of which are the same as apparent lung cancer risks (Hopkins 
and Williams. 1981). For respiratory diseases analogous independent risk factors have 
been identified, ranging from genetic to sociologic, to dietary and environmental con¬ 
ditions, also likely to cluster in households with smokers (Shilling et al.. 1977: Comstock 
el al .. 1981; Morris et al.. 1990; Schwartz and Weiss, 1990), 

It shouldi be clfear that the seemingly insurmountable difficulties in measuring ETS 
exposures and doses, unresolved classification bias, and the inability to control for 
numerous independent confounders explain the inconsistency of weak ETS epide¬ 
miologic results and speak against scientifically credible conclusions about a risk that, 
if real at all. remains imponderable. 

Indeed, the only justifiable conclusion is that this issue cannot be resolved scientif¬ 
ically on the basis of currently available information. Moreover, exposure and dose 
considerations alone seem to indicate that ETS is an insignificant entity among the 
substantial mass of exogenous and endogenous challenges to health that we contin¬ 
ually face. 

Hypothetical risks from feeble ETS exposures have been postulated only by pre¬ 
suming what is merely possible, even if extremely unlikely, as opposed to what is 
scientifically demonstrable and probable. Although at times politically tempting, such 
hypothetical presumptions are not science and should be resisted. If accepted, they 
are likely to foster irrational fears, not the enlightened prudence that responsible public 
health policy should cultivate. 


Source: https://www.industrydocuments.ucsf.edu/docs/ffnm0000 
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TABLE 6 


Reported Independent Risk Factors for Lung Cancer 


Factor 

Reference 

Maximum RR 
reponed 

95% Cl 

Family history of lung 

Samet etai. (1986) 

5.3 

(2.2-12.8)' 

cancer 

Qoi et ai. (1986) 

2.4 



Horwitz et al. (1988) 

2.8 

(1.0-7:7) 


Wu ei al. (1988) 

3:9 

(20-7,6) 

Family history of 

Wu et ai. 1988) 

I0J0 

(1.1-90.1) 

tuberculosis 

Sakurai et ali (1989) 

6.4 



Gao et al. (1987) 

1.7 

(1.1-2.4) 


Hinds a al. (1982) 

8.2 

(1.3-54.4) 

0-caroiene/vitamin A 

Byers et al. (1987) 

0.3 

(/> = 0'06 trend) 

deficiency 

Pastorino et al. (1987) 

0.2 



Wu et al (1985) 

0.4 

(0j2—0.9) 


Ziegler et ai. (1986) 

2.2 


Alcohol intake 

Pollack et al. (1984) 

2.19 

(L3-5.0) 

Dietary cholesterol/fat 

Goodman et ai. (1988) 

2.2 

(1.3-3.8) 

Dietary fat intake 

Wynder et ai. { 1987) 

4-6 


Pork meat intake 

Mettlin (1989) 

2.4 

(1.4-4.2) 

Vegetable diet 

Jain et ai. (1990) . 

0.6 

(0.4-0.88) 


Le Marchand et al. (1989) 

0.3 

(P = 0.009 trend) 

Fruit intake 

Koo (1988) 

0.4 

(0.2-0.9): 

Milk intake 

Mettlin (1989): Mettlin et ai: (1990) 

2.1! 

(1.4-3.2)' 

Hormone therapy in women 

Adami et al. (1989) 

1.3 


Cooking methods 

Gao et ai. (1987) 

1.4-2.6 

(1.1-5.0) 


Geng et ai. (1988) 

5 6 

(34-9J) 


Sobue etai: (11990) 

1.9 

(1.11-3.3!) 


Mumford et al\ (1987) 

2-3 


Radon 

Edlin et al. (1984) 

4.3 

(1.7-10.6) 


Lees era/: Cl987) 

2.4 

(0:8-7.1) 

Occupation i 

Kvaie ei al (1986) 

2.6 


Motor exhaust exposure 

Hayes et al. (1989) 

1.5 

(1.2-1.9) 

Socioeconomic class 

Brown et al. (1975) 

2.6-3.8 


Ventilatory function 

Lange ei ai (1990) 

2-4 


Cardiac anomalies 

Tenkanen et ai. (1987) 

2.4 


Physical inactivity 

Albanesc/ ai. (1989) 

1L6 

(1-2-3.5) 


Severson et ai (1989) 

114 

(1.0-2.1) 

Psychosocial traits 

Kulessa c/a/ (1989) 

2-3 


Urban/rurai risk ratio 

Shy (1984) 

1.2-2.8 
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ATTEMPTS TO QUANTIFY EXPOSURE: QUESTIONNAIRES, CHEMICAL 
MARKERS, PERSONAL MONITORS AND MONITORING IN REAL-LIFE 

SITUATIONS 


A wide range of experimental studes have been conducted in an attempt to find 
reliable methods for quantifying exposure to ETS1 Each such method has been 
reported to have limitations. Thus while the various methods described in the papers 
in this section may have useful practical applications, none of them has been generally 
acknowledged as providing a consistently accurate measure ©factual ETS exposure. 

The epidemiological studies of ETS and lung cancer have typically estimated 

exposure by the use of questionnaires. The reliability of this approach is highly 

questionable (Proctor, Defino, Pron). An alternative approach which was developed 

tried to assess ETS exposure by measuring ambient concentrations of chemical 

markers such as nicotine and carbon monoxide (GO). Researchers have however 

identified problems in the use of such “surrogates”. The ratio of nicotine to other ETS 

constituents is, for example, highly variable (Nelson), while ambient CO has many 
2 

sources other than ETS. 

Recent developments involving the use of personal monitors to assess exposure to 
tobacco-specific constituents may provide a more useful guidfe to ETS exposure. One 
such study (Phillips et al), whiife expressing reservations about the concept of 
“cigarette equivalents”, estimated that non-smokers may be, on average, exposed to 
the equivalent of about 5 cigarettes per annum. While personal monitoring like any 
other methodl may have its own problems, the technique clearly comes closest to 


2 Nicotine and CO are not the only surrogates which have been proposed for ETS. A discussion of 
other possible markers, and their limitations can be found in Guerin et al. The Chemistry of 
Environmental Tobacco Smoke which is submitted under separate cover. 
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evaluating actual exposure, a key to assessing any real, as opposed to speculative, risk. 
Some of the studies which have used both questionnaires and objective measurement 
have confirmed a substantial degree of smoker/non-smoker misclassification. 

Finally, this section includes a number of studies which have attempted to measure 
ETS concentrations in a variety of “real-life” situations. Whatever the limitations of 
the methodologies used, the studies show that overall concentrations of ETS in these 
differing situations are generally low. 
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Fifty-two non-smoking British women were recruited to wear personal monitors for nicotine and 
volatile organic compounds over a 24-h period in the autumn of 1989. The subjects also supplied 
samples of saliva for cotinine analysis, and answered questions regarding lifestyle and exposure 
to environmental tobacco smoke (ETS). The research indicates that exposure to BTS in free-living 
subjects is very lbw (mean nicotine exposure 2.3 pg m 1 ). Moreover, the greatest influence on 
exposure was living with a smoker, contact with smokers at work; leisure or travel having a minor 
impact! Salivary cotinine level* were found in subjects observed not to be exposed to ETS, hence 
somewhat questioning the validity of this measure for very low levels of exposure. Both of the 
objective measures of BTS exposure, nicotine and salivary cotinine levels, only correlated 
modestly with subjective assessments of exposure obtained by questionnaire. 


INTRODUCTION 

Environmental tobacco smoke (ETS) is the com¬ 
plex and dilbte mixture of substances found in indoor 
air as a specific result of tobacco smoking. Through 
the 1980’s, ETS has been the subject of much re¬ 
search, principally because of claims that exposure 
to ETS might be harmful to non-smokers (U.S. Sur¬ 
geon General 1986). 

An important consideration in any study of ETS, 
whether epidemiological risk-assessment or lab¬ 
oratory-based research, is the determination of the 
populations’ actual exposure to ETS (Proctor and 
Smith 1989). It is clbarly not possible to absolutely 
measure a person’s lifetime exposure to ETS and so 
estimates are based on either subjective or single 
point objective measures. 

In epidemiology, the method of exposure assess¬ 
ment is either by questioning the spouse or a relative 

287 


of the subject, or by reference to hospital records. 
This is likely to result in an indication as to whether 
the subject was exposed to ETS in the home, but is 
unlikely to produce an accurate assessment of actual 
exposure (Cbultas et al. 1989). 

In some studies of ETS and lung cancer, the num¬ 
ber of cigarettes smoked by the spouse per day is used 
to segregate exposure levels in attempts to find 
dose-response relationships (Hirayama 1981; Tricho- 
poulos et aL 1981; Garfinkel 19811; Chan and Fung 
1982). Other studies (Correa et al. 1983; Miller 1984; 
Garfinkel et al. 1985; Kabat and Wynder 1984; Wu et 
all 1985) also included questions about, whether ex¬ 
posure had occurred at work (yes/ho) and/or whether 
parents had smoked (yes/no). However, as Koo et al. 
(1987) suggest, these somewhat crude indices of ex¬ 
posure do not take into account that the degree of 
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contact of the non-smoker with these smokers could This study reports the findings of a comparison< 
be very low, or even nil. of three exposure assessment methods in a group 

Potential levels of exposure can be determined by of 52 free-living British non-smoking women, 

fixed site monitoring. For this, typically time-weighted Each of the subjects was questioned on bothv per- 

average concentrations of ETS related substances ception of exposure to ETS and on observation of 

(usually nicotine and the contribution of ETS to re- cigarette smoking around them, whilst also wearing 

spirable suspended {articulates) are acquired in a a personal monitor for airborne nicotine and supply- 

certain type of environment. ETS levels will be de- ing saliva for cotinine analysis. The personal monitor' 

pendant upon many factors, such as the rate of smok- also allowed quantitation of exposure to volatile or- 

ing, size of environment and ventilation conditions. ganic compounds (VOCs). Hence, for each subject. 

Hence, for such measurements to be applicable to information was obtained on actual exposure, as- 

general populations, efforts must be made to ensure sociated metabolite levels and perceived exposure to 

that the environments sampled are representative and ETS. By comparing the data acquired from each of 

that substances collected to assess ETS are specific the approaches, the study allows an insight into the 

(and'do not include contributions from other sources) limitations of using any one of the exposure assess- 

(Proctor 1988; Proctor and' Smith 1989). ment methods in isolation. 

Even combining fixed site monitoring with time- 
activity considerations can be misleading. For ex- PROCEDURAL CONSIDERATIONS 
ample, exposure to ETS in the home will depend 
upon, to some extent, both the time spent in the same Sample selection 

room as die smoker and the proximity of each con- Subjects were selected independently by a market 
tact. Hence it is likely that personal monitoring, where research agency (John Mumford Associates, London). 

ETS substances are continuously measured close the The preset criteria was to acquire a sample balanced 

breathing zone of the subject; will give a more ac- by living with a smoker or not and by working or not. 

curate determination of exposure. An even distribution by age and social classification 

A further step is to measure the metabolite of an was also attempted for each sub group. All subjects 

ETS related'substance (such as cotinine, one of the were non-smoking women (at time of interview), 

metabolites of nicotine) in either plasma, urine or living in either the Birmingham or Fordingbridge 

saliva (Haley et al: 1989a; Henderson et al. 1989). areas of England. All samples were acquired in No- 

However, even these measures require careful inter- vembcr and December of 1989. 

pretation, especially if single rather than cumulative Some 70 subjects were studied, but 18 were 
samples are acquired, as there seems to be consider- . rejected from the analysis because of either per- 
able inter-subject variability in nicotine metabolism sonal monitor failure or because insufficient saliva 

(Wall etal. 1988), and because of the possible impact was collected. The remaining 52 were classified as 

ofthetimeofdayofsamplecollection (Jarvis etal. 1987). in Table 1. 


Table 1. Classification of iample. 









Assessment! of tobacco smoke exposure 
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The subject acquisition was semi-random. For the 
selection of each subject, an area of social classifica¬ 
tion was identified prior to interviewers calling door- 
to-door, asking for non-smokers willing to partake in 
the study. Once a subject was identified, a date was 
set for the study day. 

On the day of study, the interviewer arrived at a 
time convenient to' thesubject, instructed on the use 
of the personal monitor, placed, and switched the 
monitor on. At this time, a first saliva sample was 
taken. The subject then' wore the monitor for 24 h 
(placing it at bedside when sleeping). Subjects also 
carried activity diaries where they noted times of 
leaving the bouse, traveling, working and when they 
were exposed to tobacco smoke. They also recorded 
the observed number of cigarettes smoked around 
diem, separated by environmental type. After this 
24-b period, die interviewer returned, switched off 
the monitor and took a second saliva sample. The 
subject was then questioned on the type of cooking, 
heatings and various lifestyle events relevant both to 
the monitoring period and in general. 

Personal monitoring 

The personal monitoring apparatus consisted of a 
sampling tube connected to a fixed volume diaphragm 
pump. The collection tube (ATD50 tube, Perldn-Elmer 
Ltdi. U.K.) was a 9-cm-long stainless steel tube filled 
with about 0.2 g of Tenax TA adsorbant (30-60 mesh) 
(Chrompack, U.K.). Each tube had been thoroughly 
conditioned prior to use to ensure lowest possible 
background contamination. The tube was held close 
to the breathing zone by means of an SKC holder 
attached to a short chain worn around the neck. Sub¬ 
jects were instructed to ensure that the tube con¬ 
tinued to protrude when overcoats were worn. The 
tube was connected by flexible tygon tubing to a 
sampling pump (SKC Model 224-4) held around the 
waist on a belt. These pumps have visible counters 
that indicator the volume sampled. The volume 
per count for each pump was calibrated (Gilibrator 
Automated Calibrator, Model D800286)) before and 
after sampling; Sampling pumps were tested prior to 
the study for retention of calibrated^ flow over 24-h 
periods. Similarly; breakthrough characteristics of 
the tubes under these conditions were tested. Typi¬ 
cally, a total of 25 L was sampled using a constant 
flow rate over the 24-h period. 

After sampling, the tubes were capped and stored 
in a freezer until transfer (cold) to our laboratory at 
the end 1 of the study. Analysis of each tube involved 
procedures previously described in detail and vali¬ 
dated 1 for nicotine and VOC analysis (Thompson et 


al. 1989; Proctor et all 1989). In brief, each tube was 
desorbed for 15 min at 240°C with helium gas flush¬ 
ing the released chemicals onto a cold 1 trap contain¬ 
ing a small amount of Tenax and maintained at -30°C. 
After this primary desorption, the trap was electroni¬ 
cally heated to 240 9 C, effectively injecting the com¬ 
pounds on to the head of a 30 m, 0.32 pm I.D., DBS 
capillary gas chromatographic column. This column 
separates the compounds of interest, which were sub¬ 
sequently detected, identified, and quantified using 
a bench-top mass spectrometer (Finegan Ion Trap 
Detector). Ion-specific detection was used for quan¬ 
tification (lie-, nicotine was quantified on the m/z 84 
base peak of the mass spectrum); Calibration was 
achieved by injecting known quantities of nicotine 
and VOCs at five concentration levels on to clean 
Tenax tubes. Hence, standards followed the same anal¬ 
ysis route as did the samples. 

Salivary cotinine collection and analysis 

Dental rolls (Claudius Asb and Sons, U.K.), were 
used to collect saliva. Subjects were asked to place 
a clean dental roll in their mouth, between their upper 
gums and cheek, for 30 min at the beginning (Ti) and 
again at the end (Ti) of the monitoring period. After 
this time; the roll was transferred into a coded vial 
subsequently placed in a cool box until the inter¬ 
viewer returned home, when it was then stored in a 
freezer. 

At the end of the study, all saliva samples were 
transferred cold to New Cross Hospitall London, where 
they were analysed blind of subject information by 
an up-date of the method developed by Feyerabend 
et al. (1986). This involved basified extraction of the 
saliva collected by squeezing the dental rolll fol¬ 
lowed by analysis of the extract by capillary gas 
chromatography with nitrogen-phosphorus detection; 

RESULTS AND DISCUSSION 

The data are summarised in Table 2. Means, medi¬ 
ans, and ranges are given for salivary cotinine values 
before (Ti) and after (Tz) the monitoring period, and 
time-weighted exposure concentrations for nicotine 
and some volatile organic compounds. Furthermore, 
both the subjects’ observation of the number of cig¬ 
arettes (including other tobacco products) smoked in' 
proximity either at home or at work totalled to 
include travel and lbisure and their subjective as¬ 
sessment of the extent of exposure to ETS, automo¬ 
bile exhausts, and general air pollution is given. The 
data set is summarised both for all subjects and seg¬ 
regated by smoking/non-smoking household and by 
subject working/not working. 
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Table 2. Summary of data for all subjects and segregated by smokiug/aonimoktag household and by workiog/oot working. 


1 

Smoking 

Household/Working 

Smoking Household/ 

Not Working 

Non-smoking Household/ 
Working 

Non-smoking Household/ 
Not Working 

All Subjects 

’Total number of cigarettes 

Mean 

7A 

6.6 

5.4 

0.4 

4.5 

! 

Median 

5.5 

5.0 

2.0 

0 

2 


Range 

1-25 

1-30 

0-60 

0-2 

0-50 

‘Number of cigarettes at home 

Mean 

47 

6.3 

0 

0.2 

2.5 


Median 

2 

4 

0 

0 

0 


Range 

0-25 

1-30 

o-o 

0-2 

0-30 

‘Number of cigarettes at work 

Mean 

1.5 

0 

5.4 

0 _ 

1.6 


Median 

0 

0 

2 

0 

0 


Range 

0-10 

0-0 

0-50 

0-0 

0-50 

4 Salivary cotinine T, (ng ml*’) 

Mean 

2.6 

2.5 

1.3 _ 

1.1 - 

1.8 


Median 

1.2 

2.2 

1.15 

0.9 

1.2 


Range 

0.3-15.1 

0.5-8.1 

0.3-3.5 

0.3-2.9 

0.3-15.1 

‘Salivary cotinine T t (ng ml’) 

Mean 

17 

2.2 

1.3 

1.1 

1.5 


Median 

1.3 

1.5 

1.0 

0.8 

1,1 


Range 

0.1 -5.3 

- 0.2-9.0 

0-4.4 

0.2-37 

0-9.0 

‘Nicotine 

Mean 

1.6 

7.4 

0.8 

0.5 

2.3 _ 

(wm 1 2 3 4 5 6 ) 

Median 

0 

2.3 

0.4 

0 

0 


Range 

0-9.6 

0-45.4 

0-2.6 i 

0-7.2 

0-45.4 

Benzene 

Mean 

15.7 

~ 21.6 

607 

13£ 

26.5 

(ng rn ’) 

Median 

13.3 

13.4 

15.5 

10.4 

12.8 


Range 

3.2-48.7 

5.2-103 ; 

07-510 

0.2-32.1 ' 

0.2-510 

Toluene i 

Mean 

272 

112 

262 

144 

194 

(ng m ’) 

Median 

85 

120 

94 

78 

89 

« 

Range 

39-2191 

22-208 

0.4-1589 

0.2-1264 

0.2-1264 









1 Total number of cigarettes is the subjects' assessment of the number of cigarettes smoked in proximity over the sampling period. 

2 Number of eigarettes at home is the subjects assessment of the number of cigarettes smoked whilst at home during the sampling period. 

3 Number of cigarettes at work is the subjects' assessment of the number of cigarettes smoked In proximity whilst at work during the sampling period. 

4 Salivary cotinine T, relates to the sample taken at the onset of the sampling period. 

5 Salivary cotinine T a relates to the sample taken directly after the 24 hour sampling period. 

6 Ail VOC concentrations are time weighted averages over the 24 hour period and are given in pg m’\ 0 is equivalent to a detection limit of 0.1 pg m* 



Source: https://www.industrydocuments.ucsf.edu/docs/ffnmOOOO 
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Table 2. Continued. 


Ethybenzene 

(Mm*) 


o-Xylene 

(Mm’) 


m/p-Xyiene 


Styrene 

6*9 m *) 


Chlorobenzene 

(Mm*) 


1,4-d (chlorobenzene 
(MS in’) 


Mean 

Median 

Range 


Mean 

Median 

Range 


Mean 

Median 

Range 


Mean 

Median 

Range 


N-Decane 

(Mm*) 


n-Undecane 

(Mm*) 


n-Dodecane 
M m ’) 


Umonene 

(Mm*) 


Mean 

Median 

Range 


Mean 

Median 

Range 


Mean 

Median 

Range 


Mean 

Median 

Range 


Smoking 

Householdworking 


10.2 

9.0 

5.9-19.5 


12.1 

9.2 

1.1-49.6 


16.2 
13.8 
1.9-66.6 


4.7 

3.1 

0.7-16.5 


18.4 

14.3 

1.647.3 


Smoking Household/ 
Not Working 


10.1 

11.3 

4.0-14.6 


10.2 

8.9 

3.8-16.4 



21.8 

14.3 

2.5-62.2 


9.9 

10.1 

2.2-29.9 


2.9 

0 . 8 - 21.1 


16.9 

10.5 

0.3-45.0 


Non-smoking Household/ 
Working 


12.5 

12.3 

0.1-30.4 


13.7 
12.9 
1.0-40.9 


67.2 

14.8 

3.5-484 


29.7 

15.5 

2.5-163 


13.4 

11.6 

0.4-53.1 


Non-smoking Household/ 
Not Working 


11.1 

9.8 

0.3-52.1 


9.5 

10.5 
1.0*17.0 


27.6 
12.2 
1.8-80.3 



5.8 

3.1 

0.7-30.9 


All Subjects 


11.0 

9.7 

0.1-52.1 


11.2 

9.4 

1.0-40.9 


37.2 

24.4 

3.0-166 



8.1 

0.7 

0.1-114 


n-Octane 

Mean 

11.0 

7.8 

15.6 

12.4 

11.8 

(pg m *) 

Median 

9.1 

5.9 

7.4 

7.0 

7.0 


Range 

3.5-32.7 

1.7-22.2 

0.1-55.3 

2.4-77.4 

0.1-77.4 


32.8 

13.9 
1.8-484 



5.9 

3.6 

0.6-30.9 



I66C2Z920Z 


Source: https://www.industrydocuments.ucsf.edu/docs/ffnmOOOO 
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Table 2. Continued. 




Smoking 

Smoking Household/ 

Non-smoking Household/ 


All Subjects 



Household/Working 

Not Working 

Working 

Not Working 

_ 

a*pinene 

Mean 

8.6 

2174 

7-6 

11.8 

12.1 

(ngm' 1 ) 

Median 

7.8 

9.0 

6.6 

7.6 

7.6 

Range 

3.2-18.4 

2.4-116 

1.4-18.5 

2.1-76.2 

0.6-116 

Chloroform 

Mean 

0.6 

1.0 ~ 

1.2 

1.4 

1.1 

(nam*) 

Median 

0.5 

0.7 

0.7 

0.7 

0.7 

Range 

0.1-2.5 

0,2-2.1 

0.1-4.5 

0.1-11.9 

0.1-11.9 

1,1.1-trichlofo ethane 

Mean 

476 

8.6 

20.6 

6.9 

119 

Omm*) 

Median 

15.5 

4.9 

5.6 

6.8 

6.2 

Range 

2.8-2507 

2.0-45.5 

1.3-172 

0,1-15.1 

0.1-2507 

1,2-dlchiof ethane 

Mean 

02 

0.4 

3.7 

0.4 

1.1 

(Mam’) 

Median 

0.3 

0.4 

0.4 

0.4 

0.4 

Range 

0.1-0.5 

0.2-0.6 

0.1-40 

0,1-1.4 

0.1-40 

Trichlorethene 

Mean 

~9.1 

8.3 

10.2 

6.9 

8.5 

0*9 m’) 

Median 

8.7 

7.2 

7.8 

5.4 

6.5 

Range 

1.0-31.2 

2.0-20.1 

0.4-4.5 

0.1-11.9 

0.1-31.2 

Tetrachloroetbene 

Mean 

3.6 

3.3 

14.0 

1.9 

5.4 “ 

0*8 m*) 

Median 

1.6 

2.0 

2.4 

1.4 

1.9 

Range 

0.9-12.4 

0.8-13.9 

0,2-76.8 

0.1-6.0 

0.1-76.8 

Pyridine 

Mean 

0.8 

1.6 _ 

0.8 

OS 

0.9 

0*9 m’) 

Median 

0.5 

0.8 

0.4 

0.3 

0.5 

Range ! 

0.2-2.4 

04-8.9 

0.2-3.8 

0.2-2.2 

0.2-8.9 

’Assess ETS - 

Mean 

3.2 1 

2.8 

2.3 

1J 

2.3 

0-6) 

Median I 

3 | 

3 i 

2 i 

1 

2 

Range 1 

1-5 I 

1-5 1 

1-5 1 

1-3 

1-5 

'Assess Car/bus 

Mean i 

~3.1 

2.4 ! 

2.6 l 

2.5 — 

2.6 

(1-5) 

Median 

3.5 

2 1 

2 

2 

2 

Range 

1-5 

1-5 ! 

1-5 

1-5 

1-5 

'Assess all pollution 

Mean 

2.7 

2.3 

2.6 

2.2 

23 

(1-5) 

Median 

2.5 

1.0 i 

2.0 

2.0 

2.0 

Range 

2-4 

1.4 

1-6 

1-5 

1-5 


7 Assess ETS Is the subjects' assessment of exposure during the monitoring period to tobacco smoke in the air, scaled from 1 (none) to S (extreme). 
$ Assess car/bus is the subjects' assessment of exposure to car and bus exhausts, scaled from 1 (none) to 5 (extreme) 

9 Assess all pollution is the subjects’ assessment of exposure to air pollution (other than car/bus exhausts), scaled from 1 (none) to 5 (extreme). 
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Representativeness of. sample 

It is clearly important to assess whether wearing 
the monitor influenced die behaviour of the subject 
and, hence, whether the results are typical. All sub¬ 
jects were questioned as to whether their lifestyle 
during the monitoring period was typical and all but 
one, whodid not wishto be seen wearing the monitor, 
said that it was. 

With regard to exposure to ETS, one check is to 
see whether salivary cotinine values taken at Ti and 
T 2 were similar (i.e„ exposure was similar both on 
the day of study and the previous day). The median 
difference between Tt and T 2 was found to be zero 
(mean -0.2 ng mL' 1 ,, lower quartile -0.4 ng mL* 1 , 
upper quartile 0.4 ng mL* 1 , range -9.8 to 2.7). As 
shown in Table 3, die correlation between T 2 and Ti 
was 0.73 (r 2 « 0.53) for all subjects and 0.75 (r 2 » 
0.56) for smokers’ homes. The largest disparity was 
found in a subject exposed 1 to an observed value of 
20 cigarettes at home, whose salivary cotinine dropped 
from' 15*1 ng mL* 1 (Ti) to 5.3 mg mL* 1 (T 2 ). How¬ 
ever, on the whole, it seems that the sampling system 
did not significantly impact their lifestyle. 

Exposure to airborne nicotine 

The highest mean (7.4 pg m* 3 ) and median 
(2.3 pg m* 3 ) time-weighted exposures to nicotine 
were found in'non-working women living in homes 
with smokers. The maximum exposure (45.4 pg m* 3 ) 
was also found in this category. Levels were much 
lower in smoker homes where the subject was working 
(mean 1.6 pg m* 3 , median 0, range O to 9.6 pg m' 3 ). 
No nicotine was detected in a significant number of 
these subjects, the limit of detection being 0.1 pg m* 3 . 
However, as this is time-weighted, it is possible that 
exposure to higher concentrations than 0.1 pg m* 3 
during pan of the day could still result in the time 
weighted average being below the limit of detection. 

The mean nicotine concentration for working sub¬ 
jects living in non-smoking homes, was 0.8 pg m* 3 
(median 0.4,. range 0-2.6 pg m* 3 ). Subjects neither 
working nor exposed to ETS at home had the lowest 
exposure (mean 0,5, median O and range 0-7.2 pg m* 3 ). 
This: exposure presumably only results from either 
travel or leisure. 

Across all subjects, the mean exposure to nicotine 
was 2.5 pgm* 3 , with a median below 0.1 pgm* 3 . The 
data seems to correspond to that found by McCarthy 
et al. (1987) where children from smoking families 
were found to be exposed to means of 2.5 pg m' 3 
whilst' those from non-smoking families were ex¬ 
posed to 0;3 pg m* 3 nicotine. 
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Our results suggest, as has been indicated by pre¬ 
vious studies (Haley et all 1989b), that the most 
influential source of exposure to ETS is in the domes¬ 
tic environment and that contributions at work, lei¬ 
sure or during travel are much smaller. Moreover, 
mean exposures are low. Some authors (Oldaker and 
Conrad 1987; Carson and Erikson 1988* Proctor et 
al. 1989) have attempted to put die levels of ETS 
constituents in perspective through cigarette equiva¬ 
lent calculations. This exercise takes the median ex¬ 
posure to airborne nicotine and typical breathing 
rates to give a daily exposure. This is then compared 
to the delivery of nicotine that would be obtained 
from smoking one cigarette. Such calculations are 
strictly an estimate of exposure, not dose, are only 
relevant to nicotine and not ETS as a whole, and take 
no account of the differences between breathing air 
and inhaling smoke. Taking a typical female breath¬ 
ing rate of 0i62 m' 3 h* 1 (Arundel et al. 1987) and a 
mainstream nicotine delivery of 1.3 mg cig* 1 for a 
typical U.K. cigarette, then the median daily expo¬ 
sure over all subjects would be less than the nicotine 
equivalent of 0.001 cigarette. That means that the 
non-smoking subject on the average would only be 
exposed to the equivalent nicotine of smoking a single 
cigarette after a period in excess of 2 y. 

Salivary cotinine levels 

The highest mean (2.2 ng mL* 1 ) and median 
(1.5 ng mL* 1 ) TI salivary cotinine levels were found 
in non-smoking subjects living in smoker house¬ 
holds. Working subjects living with smokers had a T 2 
mean of 1.7 ng mL* 1 (median 1.3 ng mL* 1 , whilst 
those living in non-smoker households had a T 2 mean 
of 1.3 ng mL* 1 (median 1.0 ng mL* 1 ). Subjects that 
neither worked nor lived with a smoker had the lowest 
T 2 mean of 1.1 ng mL* 1 (median 0,8 ng mL* 1 ) Hence, 
these trends follow the results found in the personal 
monitoring data for nicotine. 

However, salivary cotinine levels were observed 
in all but one subject. In 30 of the 52 subjects, there 
was no detectable exposure to nicotine. This, at 
first inspection, seems to indicate that the salivary 
cotinine measure is more sensitive to nicotine ex¬ 
posure than personal monitoring. It should be expected 1 
though that detection of salivary cotinine would be 
associated with an observation of cigarettes being 
smoked in proximity to the subject. But in 15 cases, 
the subjects observed no exposure to ETS and yet 
salivary cotinine was detected. Moreover, the levels 
in these cases (mean 1.0 ng mL* 1 ; median 0.85 ng 
raL* 1 ; range 0.5-3.7 ng mL* 1 ), overlap with cases 
where ETS exposure was observed. This might be 


Source: https://www.industrydocuments.ucsf.edu/docs/ffnmOOOO 


2026223993 






Tabic 3. Correlation* and regression analysis. 



Corr. 

r* 

F 

P 

Safivary cotinine T, and salivary cotlnine T t 

(All subjects) 

0.73 

0.53 

55.3 

0 

Salivary cotinine T, and salivary cotinine T a 

(Smokers' households) 

QJ6 

0.56 

26.9 

0 

Salivary cotinine T, and salivary cotinine T, 

(Non-smokers' households) 

0.59 

0.34 

14.4 

0.001 

Salivary cotinine T, and nicotine 

(All subjects) 

0.49 

~0 24 

15.5 

0 

Salivary cotinine T t and nicotine 

(All subjects) 

0.71 

0.51 

52 

0 

Salivary cotinine T, and nicotine 

(Smokers' households) 

0.45 

0.2 

S3 

0.032 

Salivary cotinine T, and nicotine 

(Non-smokers* households) 

0.32 

o/l 

3.1 

0.09 

Salivary cotinine T a and nicotine 

(Smokers' households) 

0.79 

0.63 

35 

0 

Salivary cotinine T 2 and nicotine 

(Non-smokers' households) 

0.21 

0.04 

1.3 

0.27 

Observed total number of cigarettes and nicotine 

(All subjects) 

0.5 

0.25 

16.4 

0 

Observed total number of cigarettes and nicotine 

(Smokers' households) 

0.74 

0.55 

25.3 

0 

Observed total number of cigarettes and nicotine 

(Non-smokers' households) 

0.29 

0.09 

2.5 

0.125 

Observed total number of cigarettes and salivary cotinine T* 

(All subjects) 

0.63 

0.39 

32.5 

0 

Observed total number of cigarettes and salivary cotinine T s 

(Smokers* households) 

0.70 

0.49 

20.4 

o 

Observed total number of cigarettes and salivary cotinine T 2 

(Non-smokers’ households) 

0.62 

0.38 

16.7 

0 

Observed total number of cigarettes smoked at home and nicotine 

(Smokers' households) 

0.80 

0.64 

37.2 

— 6 

Observed total number of cigarettes smoked at home and salivary cotinine T a 

(Smokers' households) 

0 69 

048 

19.3 

0 

Assessed exposure to ETS and nicotine (all subjects) 

(All subjects) 

0.42 

0.17 

10.7 

0.002 

Assessed exposure to ETS and salivary cotinine T t 

(All subjects) 

0.50 

0.25 

16.6 

"O' 

Assessed cigarettes per day and nicotine 

(Smokers' households) 

^.57 

wmw 

9.8 

0.005 

Assessed cigarettes per day and salivary cotinine T a 

(Smokers' households) 

0.53 | 

0.28 

_ 8.3 


Benzene and nicotine 

(AH subjects) 

0.05 

0.002 

0.12 

0.726 _ 

Benzene and nicotine 

(Smokers'households) 

0.304 | 

0.09 

2.13 

0159 

Benzene and salivary cotinine T s 

(All subjects) 

0.137 

0.002 

_ 0.95 

0.334 

Benzene and salivary cotinine T a 

(Smokers’ households) 

-0.009 i 

0.0 

0 

0.969 


Corr * Pearson correlation (r) F « F ratio, the mean square factor/mean square error 

i* - Square of the correlation P ■ Probability of F occurring by chance 


t’66C2Z9Z02 



e 

a 


B. 



Source: https://www.industrydocuments.ucsf.edu/docs/ffnmOOOO 
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explained 1 by ETS exposure during previous days, 
but, if this were to be the case, then it would be 
expected 1 that die level at T 2 would be less than that 
at Tj, In fact, for 10 of these IS cases, T 2 was higher 
than Tr. This raises doubts about the validity of the 
salivary cotinihe information at low levels and sug¬ 
gests that studies that have suggested large propor¬ 
tions of the population being exposed to ETS may 
be misleadihg (Repace and Lowry 1985; Weils 1988). 

Comparing personal exposure to nicotine with 
salivary cotinine 

Table 3 shows that for the full data set, the correla¬ 
tion between salivary cotinine at T 2 and nicotine was 
0.71 (r^ = 0.51, F = 52). When restricted to smoker 
households, this increases to a correlation of 0:79 
(r 2 = 0.63, F = 35): In non-smoker households; the 
correlation of 0:21 (r 2 = 0.04, F = 1.3) is not sig¬ 
nificant. However* here many of the nicotine data 
points were below the detection limit 

Salivary cotinine at Tj correlates with nicotine at 
0:49 (r 2 = 0.24* F - 15*5) for all subjects, but this 
reduces to 0.45 (r 2 = 0.2, F = 5.3) in smoker 
households. Hence, it seems possible to correlate 
salivary cotinine levels taken after monitoring with 
personal nicotine exposures, but only in the higher 
exposure group of subjects living with smokers. 

Some authors have used salivary cotinine data to 
interpret exposures in terms of cigarette equivalents 
(Jarvis et all 1967). Using typical salivary cotinine 
levels in a 20 cigarettes/d smoker of 300 ng ml, it 
was suggested that levels found in non-smoking 
children were as high as the equivalent of one half 
of a cigarette/d. Carrying out the same calculation on 
our data, would suggest that the highest exposed 
,roup (living with smokers, not working), would be 
receiving the mean equivalent nicotine dose of 0.15 
cigarettes/d. 

However, if one again takes the mean exposure to 
nicotine over the 24-h period, using a female respira¬ 
tion rate of 0:62 m' 3 h' 1 and a typical mainstream 
nicotine delivery of 1.3 mg cig* 1 , then this exposure is 
the nicotine equivalent of smoking 0.08 cigarettes /d. 
This disparity is further illustrated in the non-work¬ 
ing subjects in non-smoking homes where calcula¬ 
tions based on salivary cotinine would suggest 
cigarette equivalents of 0.08 cigarettes/dL whilst 
those based on> nicotine exposure suggest 0:006 
cigarettes/d. The difference, as Haley et all (1989b) 
suggest, is likely due to the salivary cotinine cal¬ 
culation not taking into account the different me¬ 
tabolic clearance rates of cotinine in smokers and 
non-smokers. 


Correlating objective and subjective evaluations of 
ETS exposure 

It might be expected that the observed number of 
cigarettes smoked close to the subject would posi¬ 
tively correlate with both measures of personal 
nicotine exposure and salivary cotinine levels at Ti. 
When taking all subjects, the correlation between 
total cigarettes and nicotine is 0:5 (r 2 « 0.25, 
F = 16.4), and with salivary cotinine T 2 is 0:63 (r 2 = 
0.39; F s 32 .5); hence, there is a modest correlation. 
If the data set is restricted to the numbers of cigaret¬ 
tes smoked at home in smoking households, then the 
correlation with nicotine is much stronger at 0.8 
(r 2 = 0.64, F = 37.2). With salivary cotinine T 2 , 
this correlation is not so good, at 0.69 (r 2 = 0.48, 
F» 19.3). 

Two further assessments of ETS exposure were 
acquired by questionnaire. The first was to ask, prior 
to monitoring, how many cigarettes were typically 
smoked per day by the smoker, a question often used 
in epidemiological studies. This assessment corre¬ 
lated relatively poorly with nicotine exposure at 0.57 
(r 2 = 0.32, F = 16.6). With salivary cotinine T 2 the 
correlation was 0.51 (r 2 = 0.25, F = 17.5). This as¬ 
sessment of only a modest correlation between objec¬ 
tive and subjective measures of ETS exposure is in 
agreement with recent work presented by Coultas et 
al. (1989). 

All subjects were also asked to assess their ex¬ 
posure to ETS scaled from 1 (none) to 5 (extreme) 
during the sampling period. This again, did not cor¬ 
relate well with either nicotine or salivary cotinine 
T 2 levels. 

Exposure to volatile organic compounds 

The 24-h time-weighted average exposures to a 
range of VOCs are given in Table 2. The concentra¬ 
tions found are broadly similar to the winter/indoor 
data published in the U.S. Environmental Protection 
Agency’s (EPA) Total Exposure Assessment Method¬ 
ology (TEAM) studies (Pellizari et al. 1986; Wallace 
1987). For example, the TEAM study found median 
personal exposure levels of benzene during daytime 
at 11 pg m* 3 (Wallace 1987), whilst the median ben¬ 
zene level for all of our subjects was 13 pg m* 3 . Our 
study also used a similar analytical methodology to 
that utilised in TEAM studies. 

Overall, neither working nor smoking had a 
dramatic effect on personal exposures to VOCs: 
However, there are some trends. Taking differences 
between means for smoking/non-smoking and work¬ 
ing/non-working to be equivalent if the difference 
was less than 10% of the mean of all for a particular 


Source: https://www.industrydocuments.ucsf.edu/docs/ffnm0000 
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compound, then there are increased levels of ex¬ 
posure for subjects working over subjects not work¬ 
ing for 13 of the 21 VOCs analysed. This includes 
benzene (mean working of 38 pg m' 3 , not working 
16 pg m* 3 ), toluene (mean working of 267 pg m , 
not working 131 pg m* 3 ), styrene (mean working 
of 6 pg m , not working 3 pg m* 3 ) and 11,1,1- 
trichloroethane (mean working 248 pg m' 3 , not 
working 7 pg m* 3 ). For five of the VOCs, means 
were higher for subjects not working, including nic¬ 
otine (not working 3.2 pg m* 3 , working 1.2 pgm* 3 ) 
and a-pinene (not working 16 pg m* 3 , working 8 pg 
m* 3 ). FOrthree further VOCs, exposures were equiv¬ 
alent. However, none of the differences found were 
statistically significant. 

Comparing mean VOC data in a similar manner for 
subjects living in smoking households against non¬ 
smoking households, 6 VOCs were higher for the 
smoker household category. These included nicotine 
(smoking 4.3 pg m' 3 , non-smoking 0;7 pg m* 3 ), 
limonene (smoking 18 pg m* 3 , non-smoldng IS pg m< ) 
and 1 1,111 trichloroethane (smoking 252 pg m' 3 , 
non-smoking 13 pg m* 3 ). Subjects not living with 
smokers were exposed to higher means of 12 VOCs, 
includinghenzene (non-smoking 33 pg m* 3 , smoking 
19 pg m* 3 ), m/p xylene (non-smoking 40 pg m* , 
smoking 34 mg m* 3 ) and n-decane (non-smoking 
44 pg m* 3 , smoking 19 pg m* 3 ). 

Means for each of the VOCs were separated by 
social classification [AB (high), Cl, C2, DE (low)] 
of the subject. In general, exposures were evenly 
distributed 1 by social class, though there was a trend 
of benzene and toluene exposures increasing with 
lower social class, and 1,1,1 -trichloroethane and 
a-pinene increasing with higher social class. 

Wallace (1989) has suggested that exposure to 
environmental tobacco smoke corresponds to signifi¬ 
cantly increased personal exposures to benzene, xy¬ 
lenes, ethylbenzene, and styrene. Several previous 
studies have suggested that this is unlikely (Bayer 
and Black 1987; Proctor et al. 1989). If it were to be 
the case, then it might be expected that there would 
be a strong correlation between personal exposures 
to nicotine and to these aromatic VOCs. As shown in 
Table 3, there is no significant correlation between 
either benzene and nicotine or between benzene and' 
salivary cotinine (T 2 ) levels. The same holds true for 
xylenes, ethylbenzene, and styrene. 

The highest observed exposure to benzene 
(510 pg m* 3 ) was some 40 times greater than the 
median exposure for all subjects. This was found in 
a subject that worked as a cashier in a garage forecourt. 
Benzene is a significant component of petrol fumes. 


This subject was also found to be exposed to nearly 
18 times ( 1588 pg m* 3 ) the median exposure to 
toluene and higher than average exposure to ethyl¬ 
benzene and m/p-xylene. Another subject, working 
as an accountant in a bedding material retail outlet, 
was exposed to the highest toluene level (2190 pg m' 3 ), 
the highest o-xylene level (50 pg m' 3 ), and much 
higher than average levels of 1,4-dichlorobenzene, 
n-decane, n-undecane, and styrene (39 pg m* 3 ). 

One subject used an open wood fire for heating in. 
the home. This seems to correspond to much higher 
than average exposure to octane (55 pg m* 3 ), decane 
(484 pg m' 3 ), and undecane (163 pg m :3 ), though 
aromatic VOCs were not significantly higher than 
average. Neither the use of gas heating or whether 
or not the house was double-glazed had any sig¬ 
nificant effect on personal exposures to VOCs. How¬ 
ever, gas cooking was associated with increased mean 
exposures to benzene, ethylbenzene, o-xylene, styrene, 
toluene, and 1,4-dicblorobenzene. All of the high 
levels of exposure to 1,1,1 -trichloroethane occurred 
in subjects that both worked and were exposed to 
BTS at home. This solvent usually results from 
contact with industrial cleaning or degreasing opera¬ 
tions (Droz et al. 1988), and one possible source is 
dry-cleaned clothes. However, subjects were questioned 
as to whether they visited a dry cleaner on the study 
day or whether the clothes they wore had been recent¬ 
ly dry cleaned, but the response to both these ques¬ 
tions was negative for all subjects. It is unclear what 
was the source or whether there were several sources; 

' but it is unlikely that this exposure is related to ETS 
as there was only a modest correlation with nicotine 
or salivary cotinine (T 2 ). The subject experiencing 
the highest exposure to 1,1,1 -trichloroethane worked 
as a receptionist, and a possible source is typing 
correction fluid. 

CONCLUSIONS 

Although this study has been based on a relatively 
small subject set, some clear trends are apparent. It 
seems that the main factor in exposure to environ¬ 
mental tobacco smoke is living with a smoker. Ex¬ 
posure at work, leisure, or travel seems to be minor. 
Overall, exposure to airborne nicotine was found to 
be low (mean 2.3 pg m* 3 , median <0.1 pg m' 3 ). 

Salivary cotinine levels tend to increase with 
exposure to airborne nicotine, but many subjects 
not exposed to ETS were found to have detectable 
salivary cotinine levels at values that overlapped 
with subjects that were exposed. This warrants fur¬ 
ther investigation. AlSo, cigarette equivalent calculB- 
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dons based on olivary cotinine levels did not cor¬ 
respond with similar calculations based on exposure 
to ETS, 

The study evaluated various objective and subject 
live methods for assessing populations’ exposure to 
ETS. It was found that questions regarding spouse 
smoking habits, as commonly used in epidemiologi¬ 
cal studies, did not correspond well with either levels 
of exposure to nicotine or salivary cotinine measure¬ 
ments, although trends did exist. 
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The accurate assessment of involuntary exposure to 
environmental tobacco smoke (ETS) has become im¬ 
portant, in the light of growing evidence of its deleter¬ 
ious health effects [II, 2]. Questionnaire information 
has commonly been used to assess both acute and chro¬ 
nic exposure to ETS, and has been compared to objective 
measures of exposure, which include biological mark¬ 
ers such as salivary cotinine, and air monitoring of 
ambient levels of nicotine and respirable particulates 
[3-14]. 

Previous studies have separately examined duration 
(hours exposed) and intensity (number of smokers) over 
varying periods of exposure (1^ days) as covari¬ 
ables in relation to cotinine levels [10, 11, 14], In a 10- 
oountry collaborative study of the determinants of cotinine 
levels [15], a comparison was made of questionnaire 
estimates of duration, intensity and cumulative exposure 
(cigarettesxtime corrected for room volume), at home 
andiat work, by women over the previous 4 days. The 
estimate of duration better predicted workplace expo¬ 
sure, whereas intensity better reflected home exposure 
[15]. When considering the cumulative index, each cig¬ 
arette smoked by the husband in the woman's presence 
was equivalent to approximately two cigarettes smoked in 
her workplace. In none of the previous studies was an 
adjustment made for the half-life of cotinine, estimated to 


be between 20-40 h, and dependent upon variable meta¬ 
bolic rates between individuals. 

The objective of the present study was to determine 
whether the ability of various questionnaire-derived esti¬ 
mates of ETS exposure to predict salivary cotinine, in 
both men and women, could be enhanced by considering 
detailed exposure information from the previous 3 days, 
and estimating a cumulative index which takes into 
account the half-life of cotinine. 

Patients and materials 

The subjects studied were part of a follow-up investi¬ 
gation of the effect of cigarette smoking on ventilatory 
lung function in young adults [16]. The study population 
consisted of 251 nonsmokers (no smoking for at least 5 
months), who had given a salivary sample suitable for 
cotinine analysis and completed a questionnaire, out of 
391 employees (140 current smokers) from two banks in 
Montreal and Toronto. Excluded were three subjects 
who claimed to be nonsmokers but whose cotinine leveta 
were greater than 20 ng-ml 1 ; these subjects were consid¬ 
ered likely to be "deceivers” and were dropped from the 
analysis, consistent with practice in previous studies [4, 9]. 
This left 248 nonsmoking subjects for analysis. 
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Methods 


Questionnaire data 

The questionnaire was self^administered at the time 
saUvary cotinine sampfos were collected, from April 1988 
until October 1988. The questionnaire required approxi¬ 
mately 15 min to complete, and included questions regard* 
ing personal smoking history, exposure to ETS over the 
period 1981-1988, and of direct concern to the present 
analysis, questions detailing the previous 3 days of ETS 
exposure. 

For each of the prior 3 days (today, yesterday and the 
day before yesterday) and each potential place of exposure 
(work, home, vehicle, social setting and other) subjects 
were questioned on: 1) type of tobacco smoke exposure 
(cigarette, pipe and cigar smoke); 2) number of smokers 
within a 10 ft radius of the subject (intensity), set at a 
maximum value of five; and 3) duration of exposure in 
number of hours. Although the type of tobacco smoke 
was ascertained, they were treated equivalently, due to the 
rarity of pipe/cigar exposure in this population. Source 
identity (spouse, friend, etc.) for exposure was not ascer¬ 
tained! 

Other questions included: 1) the time of day the saliva 
sample was obtained (morning or afternoon); 2) whether 
the subject was bothered by ETS (not at all, a little, 
moderately, or a lot); and 3) the number of hours spent 
outdoors today, yesterday and the day before yesterday. 
One subject had a missing value for the aversion variable, 
which was replaced using the valtie of three of five sub¬ 
jects with the same age and gender. Laboratory coding 
and computer entry of questionnaire data was done twice 
and cross-checked. 


Cotinine assay 

The salivary sample was analysed at a single hospital 
laboratory, using a double antibody radioimmunoassay, 
according to the method described by Langone and Van 
Vunakjs [17], and adapted for the determination of cotinine 
from saliva according to Coultas et aL [9]. The rabbit 
antiserum was supplied by H. Van Vunakis of Brandi is 
University. A total of 1.0 ml of undiluted saliva was used 
for the assay, and the range of measurement from the stan¬ 
dard curve was 0.1-2.0 ng-mi* 1 of cotinine. The interas¬ 
say coefficients of variation for the 0.6, 0.25 and 2.0 
ng-ml* 1 standards were 4.0, 10.8 and 23.7%, respectively. 
The laboratory personnel were blinded to the exposure lev¬ 
els of subjects. 

Analysis 

The dependent variable, salivary cotinine level, was 
found to be distributed exponentially, consistent with the 
fact that dose-related serum levels for drugs arc often 
based on first-order kinetics. Therefore, log-transformation 
was used to normalize cotinine measurement for use in 
multiple linear regression analyses. 


The continuous independent variables were the exposure 
variables, age and hours outdoors (summed over the pre¬ 
vious 3 days). The categorical independent variables 
were: 1) a weather variable, with three levels according to 
the months in which subjects were assessed, namely, the 
coolest two months (April and October), the two months 
of intermediate temperature (May and September), and the 
warmest three months (June, July and August); 2) the 
level of aversion to ETS (four levels described above); and 
3) time of sample collection (a.m. or pan.) [4]. 

For covariables with ETS exposure (those significantly 
related to log cotinine at p<0.G5J, mean fog cotinine lev¬ 
els for categories were compared using a Bonferroni 
approach to multiple comparison testing [18], in which 
each and every pair were statistically compared and adjust¬ 
ed for multiple testing bias. Foe this analysis, the agje vari¬ 
able was broken down into four categories: 20^-25, 26-32, 
33-38, and 39^ years old. 

Spearman rank correlation coefficients were calculated 
between the exposure variables and untransfocmed cotinine. 
Correlations between the various exposure variables were 
also examined. 

The multiple linear regression analysis was carried out 
using the SAS general linear models procedure [19]. 
Different models were based upon different approaches to 
describing recent ETS exposure using questionnaire 
responses, and were compared on the basis of the amount 
of variance of cotinine levels that could be explained by 
the independent variables selected! The ETS exposure 
models contrasted included: 1) cumulative exposure (dura¬ 
tion (hours exposed to smoke) tunes intensity of exposure 
(number of smokers)) versus separate duration and inten¬ 
sity covariables; 2) correcting for the approximate half-life 
of cotinine (1.0 (exposure today) + 0.5 (exposure yester¬ 
day) + 0.25 (exposure day before yesterday)) versus not 
correcting for half-life; 3) summing exposure deration 
and intensity over the previous 3 days versus the previous 
2 days; and 4) a dichotomous variable of no exposure/any 
exposure versus foe continuous expressions of exposure 
above. The importance of location of exposure was also 
examined. Covariates from the full model with p-values 
<0.1 were retained using a backward elimination approach. 


Results 

A comparison group of four proclaimed smokers had 
salivary cotinine levels ranging from 95.6-309.1 ng-ml* 1 , 
indicating that the radioimmunoassay accurately detected! 
the presence of active smoking. Descriptive characteristics, 
cotinine levels, and exposures of the 248 nonsmoking 
men and women are given in table 1. 

Spearman rank correlation coefficients between the 
cumulative exposure variable and cotinine concentration 
were similar for exposure, corrected and not corrected 
for the half-life of cotinine (0.26 and 0.28, respectively). 
This comparability of correlation coefficients for collect¬ 
ed and unconnected exposure variables was not surprising, 
given that the correlation between 'these two exposure 
variables was 0.99. 1 The correlation between duration 
and intensity of exposure was also high at 0.79; 
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Table 1L - Exposure and descriptive characteristics 
of subjects 


Variable 

Men 

n=125 

Women 

n=123 

Mean age yrs 

35(6) 

32(6) 

Age groups n subjects 

20-25 yrs 

17 

17 

26-32 yrs 

26 

43 

33-38 yrs 

33 

44 

39+ yrs 

49 

19 

Mean cotinine ng-ml* 1 

1.1 (16) 

15 (23) 

Range 

0.1-133 

0.1-14.7 

Exposure n subjects 

Yes 

75 

87 

No 

50 

36 

Exposure by location 
mean person-hours* 

Work 

33(8.7) 

63 (12.6) 

Home 

0.2 (1.0) 

1.0 (2.1) 

Social 

1.0 (35) 

u (5J) 

Vehicle 

0,1 (05) 

02 (53) 

Other 

0,1 (05) 

03 (1.4) 

Total 

4.7 (9.3) 

93 (145) 

Mean hours exposed** 

22 (3.8) 

4.4 (5.7) 

Mean number of smokers 

exposed to 

23 (2.7) 

2.9 (33) 

Aversion to ETS n subjects 

None 

5 

5 

A little 

34 

37 

Moderate 

40 

42 

A lot 

46 

39 

Month category n subjects 

Cool 

33 

24 

Intermediate 

63 

45 

Hot 

29 

54 

Total mean hours 

spent outdoors 

6.6 (4.2) 

5.8 (4.6) 

Time examined n subjects 

Morning 

47 

47 

Afternoon 

78 

76 


Data are presented as mean and standard deviation in paren¬ 
thesis. *: cumulative number of smokers x hours exposed, cor¬ 
rected for the half-life of counine over 3 diys (weights arc 1.0, 
0.5, 0.25, for exposure on the dtiy of cotinine sampling, the 
day prior, and 2 days prior, respectively); **: corrected for the 
half-life of cotinine as above. ETS: environmental tobacco 
smoke. 


It is apparent from Figure 1, that tee was considerable 
overlap in the number of exposed and unexposed subjects 
within each of six intervals of cotinine concentration. 
There was, however, on average a greater concentration of 
cotinine among exposed subjects, evident for both men 
and women (table 2), 

Statistical testing for both genders combined showed dif¬ 
ferences in mean log cotinine concentrations across cate¬ 
gories of the different covariates, and between exposed and 
noo-exposed subjects (taMe 2). It is evident from the table 
that trends in the means across categories were not con- 



0.1MJ25 0*26-05 051-1.0 1.1^.0 £1-6.0 6.1^14.7 
Cotinine concentration ngmt-1 

Fig. L - Cotinine concentrations in exposed and imcxpoaod subjects. 
WM : tmexpooed; exposed. 


Table 2. - Distribution of saliva^ cotinine levete across 
categories of variables significantly related to cotinine 




Mean* (sd) log salivary cotinine + 1 

Variable 


Men 

Women 

Total 

Exposure 

Yes** I 


0.7 (1.0) 

0.9 (1.0) 

0.8 (1.0) 

No 1 


02 (111): 

0.4 (1.1) 

03 (1.1) 

Age Croups 

20-25 yrs 


1.1 (1.0) 

07(1.1) 

0.9 (12) 

26-32 yrs 

1 

0,7 (0.8) 

i.i (u) 

0.9 (1.0) 

33-38 yrs 

J 

03 (1.2) 

05 (1.0) 

0.4 (1.1) 

39+ yrs 


0 .4 (1.0) 

0,8 (1.1) 

05 (1.0) 

Aversion to ETS 
None 

U (0J9) 

0.6 (0,8) 

110 (0.9) 

A little 


0.6 (1.2) 

1.1 (1.0) 

0.9 (1.1) 

Moderate - 


0.4 (1.0) 

0.6 (1.0) 

05 (11 iO) 

A lot 


05 (1.0) 

0.6 (12) 

0.6 (111) 

Month category 
Cool 

05 (III) 

0.4 (0.9) 

0.4 (1.0) 

Intermediate 

] 0.4 (1.1) 

0.7 (13) 

0J6 (12) 

Hot 

J 

i 0.7 (1.1) 

1.0 (110) 

0.9 (1.0) 


*: transformation used to avoid negative logarithms for coti¬ 
nine levels <1; **: brackets ^connecting pairs indicate signifi¬ 
cant (p<0.O5) differences between categories, after having 
accounted for multiple testing bias using Bonferroni com¬ 
parison tests, for both men and women combined; ETS: envi¬ 
ronmental tobacco smoke. 


sistent between the two genders. Testing for differences in 
three day exposure levels between categories of aver¬ 
sion and of temperature failed to reveal differences in 
log cotinine levels by analysis of variance (p>0jO5). 
However, there were significant differences in exposure 
between age categories for both genders combined; A 
Bonferroni test showed that the second category (26-32 
years old) was significantly different from ail of the 
other categories, with a higher mean level of exposure 
(112 person-hours versus 3.0-7.0 person-hours in the 
other three age categories). Although these differences in 
exposure may partly explain higher log cotinine levels for 
ages 26-32 years versus the two older categories, the low¬ 
est mean person-hours of exposure (3.1) was found in the 
youngest age category of 20-25 years old, which also had 
the highest mean cotinine level (L94 ng-ml* 1 ). 


Source: https://wwWfindustrydoouments.ucsf.edu/clocs/ffrtmGG0Q' 
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In the multivariate selection procedure, exposure accord¬ 
ing to questionnaire, age, level of aversion and time of 
year were significantly related to lbg cotinine values 
(p<0.05), and were included in the final regression mod¬ 
els. The variables describing gender, hours outdoors, 
and the time of day (a.m. or p.m.) were not significantly 
related to lbg cotinine in any of the regression models 
examined (all p>039). Variables describing the interac- 
on between the exposure variables and each of the 
^□variates were not significant 
All regression models explained approximately 15-16% 
of the variance of lbg cotinine levels, including those in 
which: duration and intensity were treated as joint (cumu¬ 
lative) or separate variables; the previous two or three 
days of exposure were examined^ the half-life of cotinine 
was or was not corrected for; or a simple dichotomous 
exposure variable was usedi Estimated regression coef¬ 
ficients, their standard errors and significance levels for the 
final regression models are given in table 3. Note that 
regression coefficients are not readily intoprctable, due to 
the necessary log transformation of cotinine, and are pre¬ 
sented as a means of comparing the different expresT 
sions of exposure. 


Table 3. - Regression models for the relationship of 
environmental tobacco smoke exposure to log salivary 
cotinine levels in nonsmokers* 


Model 

Exposure 

variable** 

Regression 

coefficient 

Standard 

error 

1 

Cumulative 

0.015* 

0.004 

2 

Cumulative, corrected 
for cotinine half-life 

0.020* 

0.005 

3 

Duration, corrected for 
cotinine half-life 

0.015- 

0J017 

4 

Intensity, corrected for 
cotinine half-life 
Dichotomous exposure 

0.063* 

0.027 


(none/any) 

0.466* 

0.137 


*: the dependent variable is log cotinine; other covariates 
retained in ail models included age, time of year, and aversion 
to environmental 1 tobacco smoke; **: cumu]ative=duration x 
intensity for each location and day of exposure; duration=houxs 
exposed, intensity=number of smokers; all exposures are for 
the previous 3 days; cotinine half-life correction weight are 
1.0, 03, 0.25, for exposure on the day of cotinine sampling, the 
day prior, and 2 days prior respectively; *: p<0.054; p<0.001; 

ns: not statistically significant, p>O.G5. 

In a model containing cumulative exposure for each 
separate place of exposure, significant relationships to 
log cotinine were found I for work exposure (poO.Gl), and 
in social exposures (p<0.04), whereas exposures at home, 
in vehicles, or at other places were not significant This 
was expected since the great majority of reported expo¬ 
sures occurred at work and in social settings (table 1); 

Discussion 

Self-reported levels of exposure to environmental tobac¬ 
co smoke were not strongly related to the level of salivary 
cotinine, with none of the regression models explaining 


more than 16% of the variability in log cotinine levels. 
Thus, little difference was found between standard ap¬ 
proaches and present attempts to enhance the ability of 
questionnaire-derived estimates of ETS exposure to predict 
salivary cotinine, which included: 1) adjustment of previ¬ 
ous days' exposure for the half-life of cotinine; and 2) the 
use of cumulative exposure, the summed product of expo¬ 
sure intensity multiplied by duration. Similar levels of 
association have been reported by other investigators, 
who reported that no more than 23% of the variance of 
cotinine levels could be explained using multivariate 
approaches [9, 11, 14]. Exceptions to these studies were 
the findings of Jarvis et al. [5], where parental smoking 
level explained 44% of the variance of salivary cotinine 
levels in 569 nonsmoking schoolchildren^ possibly 
exposure was largely limited to a single place, the home. 
In the present study, most of the exposures (and their 
strength of relation to cotinine levels) occurred in the 
office and social settings, where EES levels woe probably 
determined by the amount of smoking throughout those 
sections of a building connected by ventilation systems or 
large open spaces. Therefore, the actual level of tobacco 
smoking may not have been as apparent to subjects as in 
the home, thus explaining the considerable overlap in 
cotinine concentrations in those reporting exposure with 
those reporting no exposure (fig. 1), a finding consistent 
with previous reports [8, 20]. 

It is important to note that the amount of variance 
explained may differ between study populations, partly 
b ecaus e of differences in the range and distribution of estit 
mated exposures, even though the actual relationship 
between exposure estimates and cotinine remains the sam e - 
[21]. Part of the low level of concordance between ques¬ 
tionnaire-based estimates of ETS exposure and salivary 
cotinine is due to inaccuracy in the measurement of coti¬ 
nine. This may have been higher in the present study, due 
to the high interassay coefficients of variation observed for 
our cotinine standards. Cotinine concentrations were, 
however, concordant with a recent review of studies relat¬ 
ing salivary cotinine to EPS exposure [22]J most (96%) of 
the nonsmokers had cotinine concentrations in the typical 
range of <5.0 ngmi 1 . 

In addition to place of exposure, other determinants of 
exposure to ETS found in the present study were the 
level of aversion to ETS, age, ami the time of year. An 
increased level of cotinine for the two lower versus two 
higher levels of aversion was only apparent in men. 
Higher levels of cotinine were found in the two younger 
versus the two older age categories, similar to findings 
reported by Cummings et aL [14]; however, it was not pos¬ 
sible to attribute this finding to differences in exposure, 
and results differed by gender. The finding that warmer 
months were associated with higher co tinine levels t han 
cooler months is likely to be spurious, since it is contrary 
to the findings of previous reports [11, 14], it could not be 
explained by differences in exposure, it was limited to 
women, and subjects studied during different months dif¬ 
fered as to the place of work (one of two banks), 

The modelling approaches in the present study should! 
be re-examined in different settings, to confirm or re¬ 
ject the lack of improvement in the ability of a detailed 
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questkimairerierived model to predict cotinine. Our findings 
do suggest, however, that the cumulative exposure estimate 
was related more significantly to cotinine (p<0.001) than 
were intensity (p<0.02) or duration (p<0.38) as exposure 
covariables. The lack of an independent effect of duration 
is in contrast to the results of G6ultas et al. [11], who 
found that hours of exposure was the only significant 
predictor of salivary cotinine. 

The present study did not completely account for cumu¬ 
lative exposure, since only the place and each day of 
exposure could contribute to estimates, not every hour 
of exposure. A preferable set of questions, as suggested 
by O’Neill et aL [23], would provide more precise expo¬ 
sure profiles by listing on the questionnaire several Lines 
for each day and each place of potential exposure, with 
responses to be filled I in as: number of smokers for num¬ 
ber of hours. Investigators designing questionnaires for 
studies of acute responses to ETS exposure may gain 
precision from such an approach. 

In the present study, the weak relationship between 
questionnaire responses and salivary cotinine pertains to 
recent, not chronic ETS exposures* and thus to studies of 
the acute health effects of recent exposure. Cotinine as a 
biological marker of ETS exposure is useful in such stud¬ 
ies, given its relatively long half-lifo and 1 its objective 
nature, although contradictory findings in the literature 
argue against considering salivary cotinine to be a gold 
standard of exposure estimation [24, 25]. Also, from the 
present study and other similar investigations, it appears 
that questionnaire assessments of recent ETS exposure 
are inaccurate, given the low levels of concordance with 
cotinine despite the use of conceptually better exposure 
estimates. Further efforts appear necessary to improve the 
assessment of recent ETS exposure, with investigations 
aimed at verifying the success of such efforts. 
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THE RELIABILITY OF PASSIVE SMOKING HISTORIES REPORTED 
IN A CASE-CONTROL STUDY OF LUNG CANCER 1 
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ANTHONY B. MILLER 

Pron, G. E. t J. D. Burch (NGIC Epidemiology Unfy U. of Toronto, Toronto, 
Ontario, Canada M5S 1A8), G. R. Howe, and A Bi Miller. The reliability of passive 
smoking histories reported in a case-control study of lung cancer. Am J Eptfemfo/ 
1988;127:267-73. 

A test-retest design has been used to examine the reliability of passive 
smoking histories reported in personal interviews. A total of 117 control subjects 
initially interviewed in a lung cancer case-control study conducted in metropolitan 
Toronto, Canada; between 1983 and 1984 were reinterviewed on average six 
months later. Responses to initial screening questions used to detect a person’s 
exposure to passive smoke were more reliable for residential than for occupa¬ 
tional exposure. Respondents also more reliably reported residential exposure 
to spouse’s passive smoke than to the passive smoke of others at home. 
Quantitative measures of exposure to passive smoke, i.e., number and duration 
of exposure, were even less reliably reported. Nonsmoking respondents gave 
the most reliable information. The low reliability of self-reported duration of 
exposure to passive smoke is consistent with the inability of several studies to 
detect a significant dbse-response relation with lung cancer risk when measures 
of dose that depend solely on duration are used. 

lung neoplasms; occupations; questionnaires; retrospective studies; tobacco 
smoke pollution 


A number of toxic substances, including 
carcinogens, have been identified in both 
secondhand (exhalbd! smoke) and side- 
stream smoke (Smoke emitted from a burn¬ 
ing cigarette between active puffs) (11, 2); 
In particular, sidestream smoke has been 
shown to contain greater concentrations of 
some toxic chemicals, e.g., dimethylnitro- 
samine, naphthalene, benzo(a)pyrene, and 
toluene, than' mainstream smoke (smoke 
actively inhaled) (3). These observations 
have raised concerns that exposure to pas¬ 
sive smoke could be a major contributor to 
lung cancer among nonsmokers. A number 


of epidemiologic studies have been con¬ 
ducted with mixedi results. A cohort study 
in Japan (4) and three case-control studies, 
one in Greece (5) and two in the United 
States (6, 7), found a significant increased 
risk of lung cancer among female non- 
smokers married to smokers. A recent case- 
con troll study (8), also carried out in the 
United States, suggested that both female 
smokers and nonsmokers married to active 
smokers were at increased risk for cancer 
(all sites combined), although the numbers 
were insufficient to examine individual 
cancer sites. The American Cancer Society 
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cohort study (9) and a case-control study 
in California (10) found a nonsignificant 
relative risk of about 112; in another case- 
control study (11), no difference between 
cases and controls was found. An analysis 
that incorporated data on lung cancer risk 
with passive smoking from 13 different ep¬ 
idemiologic studies estimated a summary 
relative risk of 1.4 (95 per cent confidence 
interval 1.19-1.54') (12). 

There are a number of possible reasons 
for these inconsistent results. The use of 
smoking by a spouse as the only index of 
passive smoke exposure could lead to a 
substantial misclassification bias if subjects 
are exposed at work or at home from house¬ 
hold members other than their spouses^ 
The use of hospital controls in case-control 
studies can be a major source of bias for 
studies of active smoking, and if passive 
smoke exposure is associated with diseases 
that lead to hospitalization, studies of pas¬ 
sive smoking would also be biased. Finally, 
there is the possibility that subjects may 
provide unreliable information on their 
passive smoke exposure, since this is ob¬ 
viously a more difficult exposure to mea¬ 
sure than that of active smoking. 

We have attempted to overcome and as¬ 
sess these difficulties in a case-control 
study of lung cancer and passive smoking. 
Lifetime residential and occupational pas^ 
sive smoking histories were requested' pop* 
ulation-based controls were used, and a 
special study was conducted to estimate the 
reliability of passive smoking histories by 
means of repeat interviews among a subset 
of control subjects. This paper reports the 
results of the reliability study and considers 
the implications of the results for studies 
of passive smoking. 

Materials and methods 

A testrretest design was employed to ex¬ 
amine the reliability of information! re¬ 
ported on passive smoking in personal in¬ 
terviews. Respondents in this reliability 
study were chosen from among controls in 
a case-control study of lung cancer and 
passive smoking conducted in metropolitan 


Toronto. Eligible cases for the lung cancer 
study consisted of all females newly diag¬ 
nosed with primary lung cancer in the study 
area between April 1981 and March 1985: 
A total of 410 female cases were interviewedi 
together with an equal number of age- 
matched male subjects randomly selected 
from lung cancer cases occurring in the 
same area during the same time period. A 
total of 780 age- and sex-matched controls, 
randomly selected from municipal! popula¬ 
tion lists for the same geographic area, were 
also interviewed. All controls interviewed 
in 1983 and 1984 were approached six 
months after their initial interview and 
were asked if they would agree to be rein¬ 
terviewed. Of the 147 controls approached 
for reinterview, 117 (80 per cent) were rein- 
terviewed, 6 (4 per cent) had moved outside 
the area, and 24 (116 per cent) refused. The 
study sample consisted of 54 males and 63 
females with ages ranging between 33 and 
78 years. Among male subjects, 11 (!20 per 
cent) reported on the first interview that 
they were lifetime nonsmokers, 27 (50 per 
cent) that they were ex-smokers, and 16 
(30 per cent) that they were current smok¬ 
ers. Among female subjects, the numbers 
were 42 (67 per cent), 13 (21 per cent.); and 
8 (13 per cent), respectively. 

Four specially trained female interview¬ 
ers conducted the interviews in the homes 
of the respondents. For each subject, the 
initial interview and the reinterview were 
conducted by a different interviewer. This 
procedure eliminated the possibility that 
an interviewer could simply record infor¬ 
mation that she remembered from a pre¬ 
vious interview. It was also hoped that the 
use of different interviewers would ensure 
that the motivation and participation of 
the subjects in a reinterview procedure 
would remain similar. 

An identical questionnaire was used on 
both the initial interview and! the reinter¬ 
view. After active smoking data had been 
obtained, exposure to passive smoking was 
ascertained by a series of questions relating 
to residential and occupational sources of 
exposure. Residential exposure was deter- 
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mined by asking an'initial screening ques¬ 
tion, “Have you ever lived in the same 
household as a regular smoker?” Those who 
responded positively were asked to identify 
all such regular smokers and! to give the 
first and Ihst year in which they lived in 
the same household as the subject. Occu¬ 
pational exposure was also assessed by an 
initial! screening question, “Have you ever 
worked in a place where you were more or 
less continually exposed to the tobacco 
smoke of other people?” Subjects respond¬ 
ing positively were then asked to identify 
each such place of work, the first and last 
ear they worked there, and the number of 
persons who regularly smoked around 
them; 

The reliability of continuous measures of 
passive smoke exposure was assessed by the 
product-moment correlation coefficient. 
For categorical variables, the kappa statis¬ 
tic, a measure of agreement which is cor¬ 
rected for chance, was used, and for ordered 
polytomous categorical variables, a 
weighted kappa statistic (13) was com¬ 
puted. P values quoted'were two-sidfed. 

Results 

The distribution of responses to the ques¬ 
tion of whether the respondent had ever 
lived in a house with a regular smoker is 
shown in table 1 by sex andlactive smoking 


status of the respondents themselves and 
by combinations of sex and smoking status. 
The agreement generally was good, with all 
subgroups having similar values of kappa. 
The corresponding results for exposure to 
occupational passive smoke are shown in 
table 2. The prevalence of exposure to pas¬ 
sive smoke at work was lower than that of 
exposure to residential passive smoke, and 
the kappa valties were also lower. The dif¬ 
ference between kappas for residential 
(kappa = 0.66) and occupational (kappa = 
0.46) exposure to passive smoke reported 
by all respondents was not significant (p = 
0.09); There appeared to be more variation 
in kappa values among subgroups for ex¬ 
posure at work than at home, although 
most differences for the former groups were 
not statistically significant. Although the 
kappa value for occupational exposure re¬ 
ports was significantly different (p = 0 04) 
for male smokers and nonsmokers, the 
kappa value for reports by male non- 
smokers was based on' only nine individ¬ 
uals. The highest kappa value for occupa¬ 
tional exposure reports was for female non- 
smokers, and the highest kappa valiie for 
residential exposure reports was for male 
nonsmokers. 

Passive smoking exposures, classified by 
the number of residential smokers and 
number of job sites reported, are shown in 


Table 1 


Reliability- of response to question on exposure to residential passive smoke, by sex and smoking status of control 
respondents, lung cancer case^control study, Toronto, Canada, 1983-1984 


Sex and smoking 
status* 


Fimt interview/second interview responses 



Standard 

error 

Yes/yea 

Yes/no 
(n) 

No/yes 

On) i 

No/no 
(n) i 

Total 

Kappa 

Both sexes 

84 

10 

4 

19 

117 

0.66 

0.084 

Females 

All 

46 

4 

4 

9 

63 

0.61 

0.124 

Never smokers 

28 

3 

2 

7 

40 

0.66 

0.141 

Ever smokers 

18 

1 

2 

2 

23 

0.50' 

0;250 

Males 

All 

38 

6 

0 

10 

54 

0.70 

0.110 

Never smokers 

6 

1 

0 

2 

9 

0.73 

0.247 

Ever smokers 

32 

5 

0 

8 

45 

0.69 

0.123 


* Subjects in this and subsequent tables were classified as never smokers if they had reported never smoking 
tobacco products on both interviews and ever smokers if they had reported smoking tobacco products on either 
or both interviews. 
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table 3. Kappa values estimated from 
subgroups of the respondents are summa¬ 
rized in table 4 for these variables. Again, 
kappa values for occupational exposure 
were generally lower than those for resident 
tial exposure. There appears to be more 
variability among subgroups from this 
analysis as compared with tables 1 and 2, 
reflecting the finer subdivision of the data. 
In particular, for occupational exposure, 
there was a statistically significant differ¬ 
ence for kappa for female smokers and non- 
smokers (p < 0.01). Results for residential 
exposures classified by the relationship of 
the smoker to the respondent are shown in 
table 5. The reliability of reported exposure 
to spouses smoke was high for both sexes. 
Exposure to maternal smoke was more re¬ 
liably reported than exposures to smoke of 
the father, siblings; children, and other rel¬ 
atives: A similar pattern was observed when 
respondents were analyzed by sex and 
smoking status (not shown). 

In an attempt to further quantify expo¬ 
sure, duration was calculated for residential 
exposure (table 6)i It should be noted that 
for some relationships, not all reports were 
necessarily independent, i.e., one person 
could report more than one other relative, 
although this lack of independence should 
not materially bias the estimate of the 
correlation coefficient. The kappa value 


Table 3 

Distribution of reports on the number of resident 
smokers* and job sites from passive smoking histories 
by control subjects. Lung cancer case-control study. 
Toronto, Canada, 1983-1984 


Second 


iVo. of resident smokers 

First interview 



interview 

0 

l 

2 

3+ 

Total 

0 

19 

7 

1 

2 

29 

1 

2 

15 

18 

10 • 

45 

2 

1 

5 

5 

6 

17 

3*- 

1 

4 

3 

18 

26 

Total 

23 

31 

27 

36 

1117 



Weighted kappa - 0.55 > 





Standard error - 0.071 





So. of job sites 



Second 



First interview 



interview ~ 

0 

l 

2! 

3+i 

Total 

0 

45 

10 

4 

2 

61 

l 

9 

16 

6 

1! 

32 

2 

4 

7' 

1 

1 

13 

3-4- 

3 

3 

0 

4 

io 

Total 

61 

36 

11 

8 

116 



Weighted kappa =» 0.37 





Standard error - 0.101 




* Resident smoker is any person the respondent reported 
living with who was a regular smoker. 


(kappa = 0.52, standard error = 0.088) for 
the reports of duration of passive smoking 
was similar to the Pearson correlation coef¬ 
ficient (r =* 0.45, 95 per cent confidence 
interval 0.29-0.58). Correlation coefficients 
for the reported durations of exposure to 
passive smoke were generally similar for 
the various resident smokers. The correla* 
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Table 4 

of reports on the number of resident smokers and job sites, by sex and smoking status of control 
respondents, lung cancer case-control study, Toronto. Canada. 1983-1984 


Sex and 

No. of resident smokers reported 

No of job sites reported 

smoking 

status 

Weighted 1 
kappa 

Standard 

error 

Weighted 

kappa 

Standard 

error 

Both sexes 

0.55 

0.071 

0,37 

0.101 

Females 

All 

0.52 

0.098 

0.54' 

0.126 

Never smokers 

0.60 

0.094 

0.76 

0i095 

Ever smokers 

0.37 

0.222 

0.18 

0.183 

Males 

All 

0.57 

0.101 

0.21 

0.153 

Never smokers 

0.81 

0.147 

-0.08 

0.296 

Ever smokers 

0.52 

0.116 

0.26 

0.169 


Table 5 

Reliability of the types of reported resident smokers, by their relationship to the control respondents, m 
lung cancer case-control study, Toronto, Canada, 1983-1984 


Relationship 


First interview /second interview responses 

Kappa 

Standard 

error 

Yes/yes 

in) 

Yes/no 

in) 

No/yes 

In) 

No/no 

(w) 

Total 

Wife 

22 

1 

2 

28 

53 

0,89 1 

0J064 

Husband 

37 

l 

2 

21 

61 

0,89 

0j059 

Children 

8 

17 

10 

82 

117 

0.24 

0.106 

Mother 

9 

4 

1 

103 

117 

0J76 

0.103 

Father 

33 

27 

6 

51 

117 

0.44 

0.077 

Sibling 

9 

6 

5 

97 

117 

0.'57 

0.117 

Other f relatives)+ 

2 

7 

7 

101 

117: 

0.16 

0.137 

Other (monrelatives)f 

1 

13 

6 

97 

117, 

0.02 

0.093 


* The responses for exposure to the tobacco smoke of spouses were restricted to ever married subjects—61 
oi 63 females and 53 of 54 males. 

♦ Other (relatives) includes grandfather, stepfather^ father-in-lkw. son-in-law, brotherrin-law* mother-in- 
law, uncle and aunti 

t Other (nonrelatives) includes boarder, friends residence roommate, persons in armed forces, rooming house 
dents, and landlady. 


Table 6 


Reliability of the duration of exposure to residential passive smoke reported for different resident smokers by 
control subjects, lung cancer case-control study, Toronto, Canada. 1983-1984 


Tvpe of resident 
smoker 

First 

Interviews 

Second 

No. of 
paired 
reports 

Correlation 

coefficient 

95*£ confidence 
interval 

All 

24* 

21 

115 

0.45 

0.29-0.58 

Spouse 

27 

22 

58 

0.25 

-0.01-0.40 

Wife 

26 

21 

22 

0,37 

-0.06-0.68 

Husband 

27 

22 

36 

0:20 

-0.14-0.50 

Parent 

25 

23 

40 

0.48 

0.20-0.69 

Mother 

24 

22 

8 

0.69 

-0.03-0.94 

Father 

25 

24 

32 

0.46 

0.13-0.70 

Other relatives* 

13 

10 

17 

0.59 

0 15-0.83 


* Mkan duration (years) of exposure. 

f Other relatives include son. daughter brother-in-law, sister, brother, and uncle 


Source: https://www.industrydocuments.ucsf.edu/docs/ffnmOOOO 
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tion coefficient for the duration of exposure 
to maternal passive smoke, although higher 
than for other resident smokers, was based 
on only eight reports. Reliability for the 
reported durations of exposure did not vary 
substantially when the reports were ana¬ 
lyzed by the sex and smoking status of the 
respondent Correlation coefficients were, 
however, higher for reports by nonsmoking 
respondents (table 7). In general, the reli^ 
ability of this measure of extent of exposure 
is noticeably lower than the reliability of 
the qualitative responses shown in tafolb 5. 

Discussion 

To our knowledge, this is the first study 
to assess the reliability of information re¬ 
ported on passive smoke exposures in per¬ 
sonal interviews. Test-retest estimates of 
reliability suggest that misclassification of 
such exposures may be extensive. Re* 
sponses to an initial screening question 
used to detect a person's exposure to pas¬ 
sive smoke were more reliable for exposure 
at home than at work. Exposure to spouse's 
smoke was more reliably reported than ex¬ 
posure to smoke of various other residents 
in subsequent residential histories. Quan¬ 
titative measures of exposure to passive 
smoke, i.e., number and duration of expo¬ 
sures, were even lfess reliably reported. Gen¬ 
erally, nonsmokers gave more reliable in¬ 
formation on all measures of passive smoke 
than smokers. It is of interest to note that 
for active smoking (details not presented). 


respondents in this study reliably reported' 
the occurrence (Ikappa = 0 91, standard er¬ 
ror = 0.038) and deration ( r = 0.84). 95 per 
cent confidence interval 0.74-0.91) of their 
own cigarette smoking habits, and'the dif¬ 
ference between correlation coefficients for 
active and passive smoking deration was 
statistically significant (p < 0.001) (14);. 

It is relevant that reliability is a measure 
of repeatability and not validity, and even 
if results were completely reliable, there 
would be no guarantee against misclassifi¬ 
cation bias in epidemiolbgic studies: Pre¬ 
vious studies (4M3), however, that have ob¬ 
tained risk estimates for lung cancer 
around 2.0, using exposure to spouse’s 
smoke as the index of exposure/appear to 
be credible, since that measure of exposure 
is reliably reported. Nevertheless, the 
amount of misclassification bias that could 
result from the degree of unreliability 
measured in this study for spouse's passive 
smoke cannot account for the risk esti¬ 
mates for lung cancer around 1.0 found in 
other studies (9, 10). 

To date, studies investigating dbse- 
response relations between exposure to 
passive smoke and subsequent incidence of 
lung cancer have had discrepant results. 
Comparisons between study results are 
complicated because various measures of 
intensity or duration; or both, have been 
employed as indices of dose for different 
passive smoke exposures, e.g„ to smoke of 
the spouse and to that of the parent. Sig- 


Table 7 

Reliability of the duration of exposure to residential passive smoke, by sex and smoking status of control subjects, 
lung cancer case-control study. Toronto, Canada, 1983-1984 


Sex and smoking 

status 

No. of paired 
reports* 

Correlation 

coefficient 


95% confidence 
interval 

Both sexes 

115 

0j45 


0.29-0.58 

Females 

All 

62 

0.46 


0.24-0.64 

Never smokers 

41 

0.54 


0.28-0.73 

Ever smokers 

21 

0.31 


-0J 14-0.65 

Males 

All 

53 ! 

0.44 


0.19-0.63 

Never smokers 

12 

0.62 


0J07-O.88 

Ever smoker* 

41 

0.36 


OJO6-O.60 


• All resident smokers. 


Source: https://www.industrydocuments.ucsf.edu/docs/ffnm0000 
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nificant dose-response relations have only 
been observed 1 in studies that have primar¬ 
ily employed intensity measures of dose, 
i.e., number of cigarettes per day (4), or 
intensity and duration measures of dbse, 
i.e., pack-years (6); total number of ciga¬ 
rettes (7); or number of cigarettes over the 
years of marriage (5). Duration-related 
measures of dose, i.e., years lived with a 
smoker (11); or years of exposure to 
spouse's smoke (7), did not result in signif¬ 
icant dose-response relations; The low re¬ 
liability of durations of exposure to passive 
smoke reported in this study suggests that 
it would be difficult to detect significant 
lose-response relations with measures of 
dbse that depend solely on duration. 

The results of this study suggest that 
improvements in the reliability of measure¬ 
ment of exposures to passive smoke are 
needed for ftiture studies. It should be noted 
that when improvements in reliability are 
impossible, increasing samplb size is an al¬ 
ternate strategy to deal with the effects of 
random error associated with exposure sta¬ 
tus on risk estimates. Passive smoking ap¬ 
pears to be a complex experience, although 
inconsistent responses by some respon¬ 
dents in this study may be partly attribut¬ 
able to the open-ended'format of questions 
used to obtain information on exposures. 
An alternate method to measure passive 
smoking which would use specific probes 
for various exposures, e g., to smoke of a 
>ouse, parent, or sibling, to aid subjects T 
recall of their exposures may result in more 
reliable information. The unreliability of 
duration measures of dose used in this 
study; e.g., years lived'with a person who 


smoked, suggests that other measures of 
dose should be employed! for the study of 
exposures to passive smoke. 
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ABSTRACT 

Nicotine in environmental! tobacco smoke (ETS) resides predominantly in the aerosol vapour 
phase as a result of evaporation from the particles of sidestream smoke. Ih true ETS (i.e., not 
concentrated or fresh sidestream smoke), the fraction of nicotine associated with the aerosol 
particulate phase is quite small, typically less than 5% of the total. Recently, some investigators 
have collected nicotine with sampling systems employing sorbent resin cartridges ddwnstream 
from glass-fibre filters, and have attributed the nicotine retained on the glass-fibre filters to the 
particulate phase. The data reported here demonstrate that phase distributions and dynamics 
determined using glkss+fibre filters are due to sampling system artefacts. Glass-fibre filters 
collect virtually all nicotine (vapour- and particulate-phase) at relatively short sampling 
intervals (1^2 min). The percentage of; total I nicotine trapped on the filter decreases with 
increasing sampling time. Using such a system, only that amount of total nicotine which exceeds 
the adsorptive capacity of the filter will break through and be collected by the sorbent medium. 
Attributing ETS particulate-phase nicotine to the quantity collected on a glass-fibre filter leads to 
erroneous conclusions regarding vapour-particulate phase dynamics. 

Keywords: Aerosol, environmental tobacco smoke: (ETS), nicotine, particles; vapour 


INTRODUCTION 

It is now firmly established that nicotine in 
environmental tobacco smoke (ETS) resides 
predominantly in the aerosol vapour phase as a 
result of evaporation from the particles of 
sidestream smoke. This finding was first 
presented in 1985 (1); published the following 
year (2), and! verified by other researchers (3); 
During these investigations, numerous 
independent analytical techniques were used to 
reach this conclusion, including: denudfer 
sampling (2,3) and! denuder, filter and sorbent 
bed sampling in concert with electrostatic 
precipitation and real-time detection by 
atmospheric pressure chemical ionization 
(APCI) mass spectrometry (2). 

The fraction of true ETS (i.e., not 
concentrated or fresh sidestream smoke) 
nicotine associated! with the aerosol particulate 
phase is quite smalll typically less than 5% of the 
total (2-6): However, there are indications that 


the vapour-particulate distribution of ETS 
nicotine can be perturbed by exaggerated! smoke 
concentrations (4) and! by intense UV irradiation 
of the smoke 06). For example, with test chamber 
nicotine concentrations of ca. 100 jig m' 3 , 99% of 
total nicotine is in the gas phase while at chamber 
concentrations of ca. 500 pg nr 3 , 92% of the total 
is gas-phase nicotine (4). It is not known to what 
extent, if any, these perturbations may affect 
nicotine measurements in typical, real-world 
environments; however, ETS nicotine 
concentrations above 100 pg nr 3 are rarely 
encountered (7); Ilrr addition, the absolute 
certainty of these percentages is debatable due to 
the dynamic nature of the ETS aerosol and due to 
the fact that nicotine is highly adsorptive and is a 
semi vol a tile compound which tends to evaporate 
readily from aerosol particles. As such, it is not 
easy to measure phase distribution precisely 
because it is easily disturbed by the method of 
measurement. 

Recently, Neurath et at. (8,9) and Esquier 
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and Hee (10) reported! concentrations and time 
variations in the particulate-phase distribution 
of ETS! nicotine that are contrary to the 
established theory of dynamics. These 
investigators collected nicotine with sampling 
systems; employing sorbent resin cartridges 
downstream from gj ass-fibre filters and 
attributed the nicotine retained on the glhss-fibre 
filters to the particulate phase. The adsorption of 
nicotine on glass-fibre filters was examined in 
the investigation reported here and the findings 
explain the deviation in apparent nicotine phase 
residence obtained using glass-fibre filters. 
Consequently, recent results concerning phase 
dynamics derived from nicotine collected on 
glass-fibre filters (8-10) are in error. 

Determining which phase of ETS aerosol 
contains nicotine is not merely an acadbmic 
pursuit. The phase residence is important in 
studying ETS exposure in that it may impact the 
mechanism and magnitude of nicotine retention 
by non-smokers. Also, there are significant 
consequences for predicting decay mechanisms 
of nicotine in indoor spaces as well as in 
understanding the variability between nicotine 
and other components of ETS and, ultimately, in 
determining the usefulness of nicotine as an ETS 
marker. 

MATERIALS AND METHODS 
Environmental Chamber 

Test atmospheres were generated in an 18- 
m 3 environmentally-controlled test chamber 
(11). The chamber was ventilated continuously at 
eight air changes per hour. Temperature and 
relative humidity (RH) of the chamber air were 
nominally 20° C and 58%, respectively. Actual 
temperatures fluctuated between 20 and 22°C due 
to the: presence of one person throughout the 
experiments. 

Nicotine Vapour Generation 

Nicotiime vapour was generated using a 
model 585A Precision Gas Standards Generator 
(Kin-Tek Laboratories, Inc., Texas City, TXb 
Nicotine vapour was swept by dry (0% RH) 
nitrogen from a sealed, thermostated (100°C) 
glbss reservoir containing a diffusion tube of 
nicotine liquid. The Teflon tubing carrying the 
nicotine vapour was routed into the test chamber 
where the gas stream was diluted with; humidified 
chamber air to achieve target nicotine 
concentrations. The resulting humidity of the 


mixed vapour streams was 50% RH. To ensure a 
particle-free atmosphere, both gas streams were 
double-filtered, first with a Fluoropore Teflon 
membrane filter (37-mm diameter, 1.0-pnv pore 
size, FALP 03700J Millipore Corp.. Bedford, MA) 
and followed by a laminated glass-fibre filter 
(part no. 6004300, Gelman Sciences, Ann Arbor, 
MI). Steady-state nicotine concentrations in the 
gas stream were achieved by allbwing the system 
to equilibrate overnight (£ 18 hrs) prior to all 
sample collections. 

The lack of particles in the gas stream being 
sampled was verified with a condensation 
nucleus counter (CMC, model no. 3020, TSI Inc., 
St. Paul, MM). 

Nicotine Collection 

Sampling systems used for trapping 
nicotine consisted of an XAD-4 sorbent tube (226- 
30^11-04, SKC Inc., Eighty-Four, PA) connected! 
downstream from either a borosilicate glass- 
fibre filter (T6OA20, Pallfiex Co., Putnam, CT): 
or a Teflon membrane filter (Fluoropore FALP 
03700). In both' cases, a bisulfate-treated glass- 
fibre filter (Pallfiex TX4OHI20WW) was 
positioned downstream from the XAD-4 sorbent 
tube to ensure that all nicotine was collected (12). 
In all cases, connecting tubing was kept to an 
absolute minimum. Flow through each sample 
train was maintained at 2.2 L min* 1 using ani 
electronic mass flow controller (Teledyne 
Hastings-Raydist, Hampton, VA). A second mass 
flow controller was adjusted to dilute the nicotine 
vapour from the gas standards generator to a 
level comparable to that employed by Neurath et 
at. (9); the target concentration was 1500 pg m* 3 . 
Likewise, the untreated glass-fibre filter 
(Pallfiex T60A20) and flow rate through the 
samplb train (2.2 L min* 1 ) are the same as used 
by Neurath et at (9). The entire experimental 
set-up is; represented schematically in Figure 1. 

Five replicates were obtained with each' 
sampling system at each of 1-, 2-, 3-, 5-, and 10- 
min collection times. All samples were 
extracted and analyzed within 48 hrs of sample 
collection. 

Analytical Methods 

Nicotine collected on XAD^4, untreated 
glass-fibre filters (Pallfiex), and Teflon filters 
(Fluoropore) was extracted! in tri ethyl amine- 
modified ethyl acetate followed by gas 
chromatography with N -thermionic detection 
using quinoline as interna] standard (13-16). 
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Figure 1. Schematic diagram of experimental set-up. 3-Way valire is used to direct nicotine vapour 
either through sample train or to bypass. 


Nicotine trapped on bisulfate-treated glass- 
fibre filters was extracted in ethanol-modified 
sodium hydroxide with back extraction into 
ammoniated heptane (12). Gks chromatographic 
conditions were the same as for the XAD 
procedure except that N-ethylnorni cotine was 
used as internal standard. 

In preliminary experiments, it was 
confirmed that nicotine recovery from the 


untreated glass-fibre filter was equivalent when 
using either the direct ethyl acetate extraction or 
the more cumbersome sodium hydroxide/heptane 
partitioning. 

RESULTS AND DISCUSSION 

Particle concentrations at each sampling 
point denoted in Figure 1 are listed in Table 11 


H ! Table 1. Particle concentrations at sampling points illustrated in Figure 1 as measured by a 

condensation nucleus counter (CNC). 


e 

Sample Location Descriptor 

Sampling Position 

CNC Response 



Noted in' Figure 1 

(particles cm* 3 )* 


Laboratory air 

A 

7.3 x 10 3 


Chamber air 

B 


d 

! experiment start 


4.2 x 10* 

s 

! experiment end 


1.3x10* 


Before filters 

C 

0.03x10° 

s 

After filters/before sample train 

D 

0.00 x 10° 

T 

, After sample train 

E 

0.00 x 10° 


•Data presentation reflects reading and range values as determined by the CNC. 
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Table 2: Vapour-phase nicotine retained on filter collection media as a function of sampling 

duration. 


Sampling Duration 
(min) 

Pallflex (glass-fibre) filter 
(± SE, n=5)' 

Fluoropore (Teflon) filter 
(± SE! 

r 

t. 


pg filter' 1 

% of total 

pg filter' 1 

9c of total 

(■: 

1 

3.46 ± 0.02 

97.3 ± 0.2 

0.14 ± 0:01 

4'9'± 0:3 

n 

2 

5,15 ± 0.20 

75.3 ± 2.0 

0.16 ± 0.01 

2.4 ± 0.2 

t 

3 

6.09 ± 0.17 

62.1 ± 1.6 

0.17 ± 0.01 

1.8 ± 0.1 

n 

5 

6.20 ± 0.34 

36.2 ± 1.6 

0.27 ±0j03 

1.5 ± 0.2 

f: 

10 

6.95 ± 0.36 

20.3 ± 0.5 

0.28 ± 0.06 

0.8 ± 0.1 

r: 


The complete absence of any measurable particle 
concentration directly upstream from the sample 
collection assembly verifies the presence of 
only vapour-phase nicotine. The average 
concentration (± SE^ n=50) of nicotine vapour 
being sampled was 1513 pg m* 3 (± 18). 

Results of nicotine determination on the two 
filter collection media are presented in Table 2. 
As can be seen, the untreated glass-fibre filter 
has a substantial! capacity for adsorbing nicotine. 
Shown in Figure 2 is a plbt of nicotine mass 


adsorbed on the untreated glass-fibre filter 
(Pallflex) as a function of sample deration 
showing an adsorptive capacity approaching 7 pg 
under the atmospheric conditions used! Although 
there appears to be an increasing trend still 
present between five and 10 min, these two values 
are not statistically different. Also shown in 
Figure 2 is the minimal quantity of vapour-phase 
nicotine trapped by Teflon filters undbr 
identical conditions. 

The filter/XAD-4 combinations trapped 


NICOTINE COLLECTED (pg) 


| — Glass-fiber 
! * Teflon 


SAMPLING TIME (min) 

Figure 2. Vapour-phase nicotine retained on borosilicate glass-fibre (Pallflex T60A20) and Teflon 
(Fluoropore) filters as a function of sampling duration. 
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>99% of the total vapour-phase nicotine. The 
average (± SEv n=50) nicotine breaking through 
onto the bisuifate-treated filter was 0.8% (± 0.2), 

Expressing the quantities of nicotine 
retained on the first filter as a percentage of the 
total amount collected by each sample train 
(Figure 3) shows that with only 1-min sampling, 
nearly all of the vapour-phase nicotine (>97%) is 
trapped 1 on the glass-fibre filter. In contrast, 
nicotine collected on the Tefloni filter ranges 
from co. 5 to 1% of the total at collection times 
ranging; from 1 to 10 min. 

The phenomenon illustrated by these data is 
the same as that observed By Neurath et aL (8,9) 
and Esquier and Hee (10)j However, to attribute 
these results to the presence and collection of 
particulate-phase nicotine, two assumptions 
must be valid. First, the glass^fibre filter used 
must trap only particulate-phase nicotine and 
allow vapour-phase nicotine to pass unhindered. 
Second, any collected nicotine associated with the 
particulate matter must be stable and will not be 
evaporated from the particles (and thus lost to the 
backup sorbent resin) under the influence of the 
continuous air stream being sampled. 

The data presented here demonstrate that the 
first assumption is not valid for glass-fibre 


filters. Assuming that all nicotine retained by a 
gl&ss-fibre filter dbrives from particulate-phase 
nicotine will result in gross overestimation of 
the nicotine associated with that phase. The 
degree of overestimation is most pronounced 
with, very short sampling times of only a few 
minutes. 

This phenomenon had already been 
demonstrated' iin< the literature for Cambridge 
(glass-fibre) filters (2). Other data in the 
literature show ca. 1 pg of nicotine adsorbed' 
completely from solution onto the inside 
surfaces of borosilicate glass vials (14)! It 
appears reasonable, therefore, that a borosilicate 
glass-fibre filter with several orders of 
magnitude more surface area than a glbss vial 
could adsorb at least one order of magnitude 
more nicotine from air. Our results indicate that 
the glass-fibre filters used here and elsewhere 
(8,9) are an efficient collection medium for 
vapour-phase nicotine at sampling times of a few 
minutes or less. We have not attempted to show 
what dependence the nicotine adsorption on 
glass-fibre filters may have on sampling time, 
air flow rate, temperature, RH, or nicotine 
concentration. 

Likewise, there are data in the literature 


PERCENT OF TOTAL 



SAMPLING TIME (min) 

Figure 3. Percentage of total vapour-phase nicotine trapped by borosilicate glass-fibre (Pallflex 
T60A20) and Teflon (Fluoropore) filters as a function of sampling duration. 
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which negate the second assumption outlined 
above. In an intercomparison study of sampling 
techniques for nicotine (17), untreated glass- 
fibre filters used to collect particulate-phase 
nicotine passing through denuders yielded 
results which were biased low compared to acid* 
treated filters used after denuders. Esquier and 
H6e (!10) also correctly identified the problem of 
nicotine evaporation from an untreated filter 
during sampling. 

Any nicotine truly present in the aerosol 
particulate phase would be trapped initially by 
glass*fibre filters. However, this minute 
quantity will be totally obscured by simultaneous 
collection of nicotine vapour. Combined with the 
almost certain loss of some true particulate- 
phase nicotine due to evaporation and elution 
from the filters, the data obtained from use of 
such filter systems are completely 


uninterpretable with respect to the vapour- 
particulate phase dynamics of ETS nicotine. 


CONCLUSION 

Use of combined filter/sorbent sampling 
systems for studying the distribution and 
dynamics of nicotine between aerosol phases is 
inappropriate. Borosilicate glass-fibre filters 
collect virtually all nicotine (vapour- and 
parti culaie*phase) at relatively short sampling 
intervals (1-2 min). Using such a system, only 
that amount of total nicotine which exceeds the 
adsorptive capacity of the filter will break 
through and be collected by the sorbent mediumi 
Attributing ETS particulate-phase nicotine to the 
quantity collected on the g]ass*fibre filter leads 
to erroneous conclusions. 
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PROBLEMS WITH THE USE OF NICOTINE 
AS A PREDICTIVE ENVIRONMENTAL 
TOBACCO SMOKE MARKER 


PJL Nelson, DJL Heavner, G3. Oldaker ED 
RJ. Reynolds Tobacco Company 
Bowman Gray Technical Center 
Winston-Salem, NC 27102 USA 


A series of experiments was performed to evaluate the utility of nicotine as an 
environments! tobacco smoke (ETS) marker. Two University of Kentucky reference 
cigarettes (1R4F) were smoked in an 18-nr environmental chamber. Air exchange 
rates within the chamber were varied from (M air changes per hour, and the 
concentrations of numerous ETS components were monitored for up to six hours after 
smoking. Under most ventHition conditions, nicotine initially decayed more rapidly 
than other ETS constituents; however, as sampling time was extended, nicotine decayed 
more slowly. The change hi nicotine decay rate can Wad to overestimation of ETS 
exposure when nicotine is used as the sole ETS marker. Confirmatory results obtained 
from other field and chamber studies are also presented. 

INTRODUCTION 

The utility of nicotine as an environmental tobacco smoke (ETS) marker has 
been questioned by a number of investigators (1-3). Some have simply stated that 
it is a poor marker (1), while others have suggested that nicotine may underestimate 
ETS exposure (23) by as much as an order of magnitude. 


The National Research Council (NRC) rec omm ended that any chosen ETS 
marker should be present In a consistent ratio to ETS components of Interest (4). 
To attain this criterion, the marker should possess the same decay characteristics as 
the component of interest 

If: an ETS component is not generated or eliminated by chemical reaction, or 
doe* not interact with environmental surfaces, then it should demonstrate a first order 
decay with a rate constant proportional to the air exchange rate in a 
microenvironment Previous studies have shown that nicotine does not undergo first 
order decay In microenvironments ( 23 ). 
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This present work was performed to systematically evaluate the effect of 

nicotine’s unique decay on hi ratio to other ETS components. Due to nicotine’s 

different decay rate, both' ventilation rate and sampling time would be expected to 
exert an effect on the ratio of nicotine to other ETS constituents. Therefore; ratios 
were determined at air exchange rates of 0, 0J, 1, 2 and 4 air changes per hour 
(ACH), and time-weighted-average concentrations of selected analytes were determined 
for 0-30, 0-60, 0-120, 0-240, and 0-360 minutes following the smelting of 2 University 
af< Kentucky reference cigarettes (1R4F). The results obtained in the chamber were 
then related to results obtained previously in field and chamber studies. 

EXPERIMENTAL 


Chamber .Studies 

AO ETS decay experiments were performed in an 18-in* environmental 
chamber described elsewhere (5). Three to five repUcate experiments were performed 
at 0, GlS, 3, 2, and 4 ACH. Real-time nicotine concentrations were monitored with 
a SQ3EX TAGA 6000 tandem mass spectrometer (6), Real-time concentrations of 
carbon monoxide, nitrogen oxides, volatile organic compounds (estimated by FID 
response), and particle mass concentration were obtained with commercial analyzers 
described elsewhere (7). Vapor phase nicotine and 3-ethenyipyridine were collected 
using XAD-4 sorbent tubes and analyzed by gas chromatography with nitrogen 
phosphorus detection (8), Solanesol, gravimetric respirable suspended particles (RSP)y 
ultraviolet particulate matter (UVPM), and fluorescent particulate matter (FPM) were 
collected onThsoropare filters and analyzed as described elsewhere (9,10), Duplicate 
nicotine and particulate samples were collected over the periods 0-30, 30-60, 6CK120, 
120-240, and 240-360 minutes, and integrated average concentrations were determined. 

Each run during the decay rots studies lasted a total of 3B4 minutes. The Ci»i 
twelve minutes of the run were used to measure background concentrations of ETS 
constituents. A smoker then entered the chamber and smoked two University of 
Kentucky 1R4F cigarettes in 1016 minutes. The two cigarettes were lit at 30-second 
intervals, and the smoker took one puff on alternating cigarettes at one-minute 
intervals. Each cigarette lasted for an average of ten puffs. At 24 minutes, the 
smoker exited the chamber which was subsequently resealed for the final 360 minutes 
of the experiment 

The effect of residual nicotine on a smokers’ clothing was determined from the 
average of 15 runs performed at various times over a three-month period in the 
environmental chamber which was operated at 0 ACH. After a twelve-minute 
background measurement, the smoker entered the chamber and stayed for twelve 
minutes. The smoker then exited the chamber, and nicotine concentration was 
monitored for an additional 36 minutes. 

Field Studies 

Nicotine samples were collected on XAD-4 sorbent tubes and analyzed by the 
method of Ogden £1g]. (8). Sbt-hour samples were collected in a smoker’s van and 
the den of a non-smoker’s house. Eight one-hour samples were collected overnight 
in a B767 aircraft which had completed a flight on which smoking was allowed. 
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Paniculate samples were collected and analyzed for the aircraft' study by the same 
methods used in the chamber study,., 


RESULTS AND DISCUSSION 


Nicotine Decay 


At: each of the air exchange rates studied, nicotine initially decayed more 
rapidly than the other ETS constituents measured. However, at longer times the 
decay of nicotine stowed, and typically achieved a near-steady state concentration 
which was higher than the initial background level. On the other hand, constituents 
such as CO, volatile organic compounds, nitrogen arides, and particle mass 
concentration decayed according to first order kinetics with decay rate constants which 
were proportional to the air exchange rate. The other constituents did decay to initial 
background levels in a tune-scale consistent with normal first order decay. 


A plot of nicotine concentration yg. time obtained from the average of five runs 
performed at 2 ACH is shown in Figure 1. The solid line in this figure is the average 
nicotine concentration measured in the chamber. The dashed line in the same figure 
is the nicotine concentration profile which would be predicted by first order decay. 
The theoretical curve in Figure 1 is 
representative of the behavior of 
the other measured ETS 
constituents. ’Rme-weighted- 
•verage (TWA) concentration ratios 
between nicotine and the other 
constituents are proportions] to the 
ratio of the areas under the two 
curves. For a sampling period 
extending: from 0-30 minutes, the 
ratio of nicotine to analyte win be 
lower than that predicted by first 
order kinetics. At about 30 
minutes, nicotine decays less rapidly 
than< the other constituents, and for 
sampling times greater than 60 
minutes, the ratio of nicotine to 
other analytes will become increasingly larger than those predicted by first order decay 
of constituents. The magnitude of overestimation becomes larger if measurements are 
started at times long after smoking has occurred. For the example illustrated in 
Figure 1, the other constituents would have decayed to background at about 180 
minutes; but significant concentrations of nicotine are still present in the chamber. 
In this case, a person exposed to the atmosphere in the chamber would not be 
exposed to measurable ETS paniculate, CO, or volatile organic compounds, but they 
would have measurable exposure to nicotine. 



Figure 1. Average of five real-time nicotine 
concentrations (solid) measured in s controlled 
environment chamber operated at two ACH. The 
dobed line represents the concentration predicted by 
a first order decay mechanism; 


Ratios Involving Nicotine 


The actual variations of nicotine to RSP and nicotine to FID response ratios 
as a function of both sampling time and air exchange rate are shown in Figures 2a 
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and 2bj Ratios presented in these figures have been normalized to the values 
obtained for the 0*30 minute sample at 0 ACH. Sampling for increasing periods of 
time or sampling for a constant period of time at different air exchange rates has a 

dramatic influence on the observed ratio of nicotine to either vapor or paniculate 
phase CIS components. Furthermore, these figures demonstrate that ratios of 
nicotine to other ETS components which are determined in chambers operated in 
static modes are not applicable to other environments because of the large 
overestimation of ETS exposure which they would predict 



Figures 2a A 2h Nonnalbed ratios between nicotine and gravimetric RSP (2a) and FID 
response (2b) as a function of both air exchange rate and sampling time. AH values in figure 
2a and 2b have been normalised to the ratio at 0 ACH and >0 min (0.106 in 2a A 74a in 
2b). lines of com last ratio are drawn at intervals of 0J33 beginning at a ratio of 0.667. 


Field Measurements 

Results consistent with those obtained in the chamber also lutvc been Observed 
in the field. Background nicotine concentrations in the absence of smoking have been 
measured in homes, automobiles and aircraft In addition, nicotine desorption from 
the clothes and person of a smoker has been observed in the environmental chamber. 
Results of these studies suggest that the initial rapid decay of nicotine is due to its 
adsorption on clothing and other surfaces. As atmospheric nicotine is depleted, due 
to the effects of adsorption and dilution by fresh air, adsorbed nicotine then desorbs, 
and leads to measurable nicotine concentrations in the absence of smoking. 

Figure 3 shows that smokers can be a source of nicotine contributed to the 
environment even when they are not sraoldng. This figure shows the avenge increase 
in nicotine concentration measured during 13 replicate experiments performed over 
a three-month period in which a smoker entered the environmental chamber for 
twelve minutes. The increased nicotine concentration b presumably due to the 
evolution of nicotine from the smoker’s clothes. When the smoker exited the 
chamber, the nicotine concentration ceased its increase. 

A nicotine concentration of 0.09 jig/ta 3 was measured In the den (»45 m 3 ) 
of a non-smoker's house. The sample was obtained two days after smoking had 
occurred in the room. This background level corresponds to small amounts of 
residual nicotine desorbing from room furnishings over a long period of time. 

Nicotine samples were collected in a van (»5 nj 3 ) in which smoking regularly 
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occurred. The sample was 

taken overnight and at least 

four hours after smoking had 
occurred In the vehicle. The 
sample was obtained at 
dashboard level “40 cm above 
an open ashtray. A background 
concentration of 0426 jsg/m 3 
was measured in the vehicle. 
Once again; this background is 
not due to the presence of 
ETS, but instead it comes from 
nicotine desorbing from the 
interior of the van and from 
cigarette butts present in the 
ashtray. 


tm-. 



TIME (min) 

Figure 3, Avenge increase in nicotine concentration 
due to the nicotine desorptioo from a smoker's 
clothing in a controlled environment test chamber 
operated at 0 ACH. The smoker was far the 
cumber for the period 12-24 minutes. 


Samples were also collected in a B767 aircraft in which smoking was permitted. 
The aircraft had returned from a regularly scheduled 4 hour 20 minute flight from 
Los Angeles, CA to Charlotte, NC Samples were collected when the plane was on 
the ground and parked at the gate after all passengers and crew bad left the plane. 
While the samples were collected, the aircraft was served by an amriHuy heating, 
ventilating and air conditioning system which provided fresh air at 15*26 ACH (11). 
Smoking was not permitted while the aircraft was at the gate, and none was ©bsetved. 
Samples were obtained in the coach smoking section and seats in the non-smoking 
border section. A total of 64 cigarette butts were counted m the ashtrays prior to 
sampling. The results of this investigation are presented in Table L During time 
period 4, the crew 
collected trash, emptied 
ashtrays during period $, 
and vacuumed the cabin 
during period 7. UVPM 
measurements obtained 
from samples taken over 
the entire 8-hour period i 
showed less than 1J 
/ig/m 3 particulate matter 
was present which could 
possibly be attributed to 
ETS. Once again, the 
only source of nicotine in 
the cabin would appear 
to be nicotine desorbing 
from interior surfaces 
and dgarette bum. Measurable nicotine exposure could be expected in the non¬ 
smoking boundary section without concurrent exposure to ETS gas or particulate 
phase material 


Table 1 Background nicotine concentrations 0*gta*) 
measured i overnight on a B767 aircraft with auxiliary 
ventilation. Smoking samples (S.) were obtained fa) the 
coach smoking section. Non-smoking samples (N£) were 
obtained in coach smokingfoonsmoking bonier seats. 


Nicotine 


Sample 

Time 

5* 

its. 

1 

2220*23120 

52 

Ii7 

2 

2320-0020 

4.9 

1J 

5 

002043120 

2* 

11 

4 

0120-0220 

ft? 

U 

5 

O22O032O 

8.0 

U 

6 

0320-0420 

4.7 

u 

7 

0420-0520 

52 

2.7 

8 

05200620 

82 

15 
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CONCLUSIONS 


Nicotine does not fit the NRC criteria for an ETS marker. The ratio of 
nicotine to other ETS constituents such as RSP are highly variable and dependent on 
both the air exchange rate at the sampling site and sampling time. Desorption of 
nicotine from clothing, interior surfaces, and cigarette buns leads to measurable 
nicotine exposure in the absence of ETS. The findings reported here show that when 
nicotine is used as the sole marker, it may greatly overestimate ETS exposure. 
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ONG POLICY 


Restricted Restricted Restricted— 

Filtration No Treat. Workstatin. 

-IB0_ 1RNT1 IRWo 00,1 


0.4 0,6 0 1 

(0.1-2.1) (OJ1-3.3) (0.0-05) 

674 634 573 

0575-791) (533-755) (488-671) 

0.02 0.05 0 01 

(0.013-0.047) (0.025-0.103) (0.008-0.023) 

114:> ± 22.9 1*9,8 ± 25J 107 ±22 9 

20.8 ±2:4 3.8:± 2.6 2.4 ±24 

23.9 ±0.4 23.7 ± 0.4 23.6 ±0 4 

33.4 ±3.5 28.3 ±3,9 35 9 ± \\ 


0.1 

(0.0-0.5) 

573 

(488-671) 

0.01 


114:> ± 22.9 

20.8 ± 2:4 

23.9 ± 0.4 
33.4 ± 3.5^ 


10.2 ± 22.9 
2 4 ± 2.4 
23.6 ± 0.4 
35 9 ± 3.5 


07.9 ± 62.4 586.4 ± 67:8 564.9 ± 62.4 


for nonsmoking andsmoking areas of 


'KING POLICY 


RF RNT RNT ’ 

: Smoki ng Nonsmoking Smnkinp 

1 - 2 : 0.4 1.0 

( 0 . 7 - 2 . 1 ) ( 0 . 2 - 0 . 8 ) ( 0 . 4-2 2 ) 

676 597 698 

( 550 - 644 )i (550 647 ) ( 624 - 781 ) 

004 0.05 0 06 

12 ) ( 0 . 030 - 0 . 049 ) ( 0 . 038 - 0 . 063 ) ( 0 . 039-0 079)1 
126.1 ± 8.8 19 3 ± 9.0 35.6 ± 12 5 

• 236.6 ± 20.0 9.3 ± 20.5 35.6 ± 28 6 

4 ± 3.6 0 3 + 3.8 10.3 ±52 

2 ± 0.2 23.7 ± 0.2 23.8 ± 0.2 

33.6 ± 1.1 28.2 ± 1.2 28:7 ± 1 6 


RNT 

Smoking 

1.0 

( 0 . 4 - 22 ) 

698 

( 624 - 781 ) 

0.06 


236.6 ± 20.0 
4 ± 3.6 

2 ±0.2 
33.6 ± 1.1 


35.6 ± 28 : 6 . 
10.3 ± 5.2 
23.8 ± 0.2 
28 J 7 ± 1.6 


503.6 ± 42.0 648.8 ± 43i0 474,5 ± 60.3 


mg areas 


of Indoor 1 Air'^T Vo! II 


MULTIPLE measures qf personal ets exposure in a 
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0dlW: T ' Mot ^ 
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Cirolina; USA 


abstract 


Environmental tobacco smoke (ETS) exposure was assessed continuously over a one- 
v^eek period in a group of 96 nonsmoking, married women in Columbus, Ohio, 
barkers used to estimate ETS exposure were airborne nicotine and 3 i ethenylpyridine 
(3-EP), and salivary cotinine. For purposes of assessing relative ETS exposure, the 
women were categorized according to husband’s smoking status {eg., ETS-exposed if 
husband smokes)i The relative exposures measured were: 8.6 for cotinine; 13.4 for 
nicotine; and 22.0 for 3+EP. These relative exposures are significantly larger than 
those assumed in recent ETS risk assessments and tend to question the validity of risk 
estimate corrections for so-called "background exposure." The same ratios measured 
for employed subjects indicate that workplace exposure is 10-fold lower than home 
exposure due to living with a smoker. In addition, these data also suggest that cotinine 
alone may be an inadequate marker for estimating ETS exposure in the general 
population. Median concentrations (all women) were found to be: 0; 15 /xg/m 3 l (3-EP); 
0.43 fig/m* (nicotine); and 0.8 ng/mL (salivary cotinine). 


INTRODUCTION 


An important issue in ETS risk assessment is that of background correction. As far as 
possible, epidemiologic studies employ control groups which are not exposed to the 
agent or action under investigation. Although tobacco use in the United States and!the 
world is prevalent, and the potential exists for, widespread exposure to ETS, some have 
claimed that ETS is ubiquitous (1,2) and make adjustments to risk estimates for 
exposure in control groups. Little is known about the magnitude of relative exposure in 
the population at large, and an upward adjustment to any risk estimate seems 
premature in light of the available evidence. In a recent risk assessment (2), the U.S. 
EPA adjusted the pooled U.S. risk estimate for a background correction factor (relative 
exposure) of 1.75. This factor is derived solfcly from relatively few measurements of 
cotinine. The generalizability to the U.S; population of much of these data is dubious,, 
owing to the fact that virtually all of the studies cited were either of non-U.S. subjects 
or of a highly specialized subset of U.S. subjects (e.g. , only Hispanics, clinic patients 
and professional staffs etc.). Added to this is the observation that indices of exposure 
to ETS based on biologic markers, air monitoring, and questionnaires are not tightly 
correlated, and further, that single measures of ETS components or biologic markers 
are inadequate for characterizing normal 1 exposure (3). In an attempt to partially 
rectify this lack of relevant data,, the current study was designed. As such, this study 
has the unique distinction of; 
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(I) being representative of tne UlSi female population w,itli subject's ETS exposure status 
categorized exactly in accordance with the relevant epidemiology, (2) employing multiple 
markers of ETS exposure, and (3) measuring each marker over an extended time period. 


the radioimmunoassay method of Langot 
10 ng/mli was used to differentiate smol 
of saliva in buffer, LOD for cotinine in 


SUBJECTS AND METHODS 


results 


Subject Selection and Study Design. Self-reported nonsmoking, married females (n = 105) 
were recruited at random by a market research agency in Golumbus, Ohio. Columbus 
was chosen as the test site dUe to its status as "one of the most average cities in the 
country" with its residents comprising a "demographically normal" segment of the U.S. 
population (4). A "nonsmoker" was defined as one who did not currently smoke and had 
not done so for at least six months prior to the study. A "neverhsmoker" was defined as 
one who had not ever smoked on a regular basis. Subjects were selected to fill cells; 
defined by combinations of age, income, employment status, and husband’s smoking 
status. The primary criteria were subject's employment status and husband’s smoking 
status, for which cells were equally sized. For practical considerations, cells based I on the 
remaining secondary criteria were only approximately equally sized. Subjects were 
considered employed if they worked fullHime (35+ hours/week) outside the home and 
unemployed if they did not work at all outside the home. None of the subjects worked I in 
a location with a smoking ban. Subjects were monitored continuously for ETS exposure 
(airborne nicotine and 3-ethenylpyridine) and nicotine intake (salivary, coti nine) during one 
week (February, 1991) as they went about their normal daily routines. In addition, 
subjects married to smokers monitored airborne 3-EP and nicotine levels in their homes 
continuously for the week. Both pre- and post-sampling questionnaires were administered 
by trained interviewers at the agency’s facility. Extensive data were gathered regarding 
dietary and lifestyle Habits, subject whereabouts, and exposure to ETS In addition, each 
subject maintained a d&ily activity diary during the study recording the same information 
on an i hourly basis (excluding diet). Only the objective estimates of ETS exposure 
(nicotine, 3-ethenylpyridine, and cotinine); along wdth questionnaire responses regarding: 
subject smoking history, are reported here. 

Nicotine and 3-Ethenylpyridine Determination. All subjects wore a personall diffusion 1 
based monitor continuously for five days except' during sleep, whem monitors were placed 1 
at bedside. In addition, wives of smoking husbands placed two monitors at fixed locations 
in their homes; one in a "heavy use" area and one in a "light use" area. Heavy and light 
use areas were targeted to be rooms where the husband did most of his inrhome smoking 
and little, if any, smoking, respectively. Locations typically used by the participants w ere 
a den or living room for the heavy use area and an unused bedroom or a child’s bedroom 
for the light use area. The monitors collected nicotine and 3 L EP (a nicotine combustion! 
product) on a sodium bisulfate-treated filter which was then extracted land (analyzed by gas 
chromatography with ATthermionic detection (5). With an exposure duration of five 
days, limits of detection (LOD) for 3-EP and nicotine were 0.04 and 0.13/ig/m 3 , 
respectively, 

Cotinine Determination. Saliva samples were obtained by having the subject vigorously 
chew a Salivette (Sarstedt, Inc., Newton, NC) for 1 min. Four samples were obtained per 
subject, approximately one every other day, over a penod of seven days (the first saliva 
sample was taken one to two days prior to the start of air monitoring). Salivettes were 
frozen immediately after sampling, transferred to the laboratory under dry ice, and stored 
frozen until analyzed. Duplicate analyses for cotinine were performed on each sample by 


Of the 105 subjects recruited for this stu 
reported ex-smokers) successfully cornpl 
(two reported never-smokers and six rep 
smokers ("deceivers") based on mean sa 
were excluded from analysis. AH four v 
cotinine in concentrations > 10 ng/mL. 
cotinine results* were retained. It is likv 
smokers; however, their data were retai i 

Misclassifying two out of 70 reported n< 
misclassification rate of 2.9% ; misclassi 
an ex-smoker misclassification rate of 1 
reported nonsmokers results in a nonsm 

Follbwing deletion of the eight! deceiver, 
objective estimates of personal ETS exp 
presentedl in Table 1. Data are present* 
smoking status and subject’s employ mei 
subject’s workplaces. For employed su 
them while at work. 


Table 1. Analytical results (medians) c 
Husbands smoking status and 1 subject s. 


Subject’s husband 
smokes? 

Subject 

employed? 

yes 

yes 

no 

yes 

yes 

no 
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all subjects 
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obtained by having the subject vigorously 
for 1 min. Four samples were obtained per 
.er a period of seven days (the first saliva 
start of air monitoring). Salivettes were 
to the laboratory under dry ice, and stored 
:otinine were performed on each sample by 


^ radioimmunoassay method I of Langone ( 6 ). In general, a cut-point concentration of 
j 0 ft g/mL was used to differentiate smokers from nonsmokers (7). Using a 1:10 dilution 
^saliva in buffer, LOD for cotinine in saliva was determined to be 0.18 ng/mL. 

gjStlLTS 

Of the 105 subjects recruited for this study, 104 (70 reported never-smokers and 134 
sported ex-smokers) successfully completed the sampling phase. Eight of these subjects 
(two reported never-smokers and six reported ex-smokers) were deemed to be active 
jokers ("deceivers") based on mean salivary cotinine values > 10 ng/mL, and their data 
wet excluded from analysis. All I four samples for each of these subjects contained 
cotinine in concentrations > 10 ng/mL. Three additional subjects, with borderline 
cotinine results* were retained. It is likely that these three subjects were occasional 
smokers; however^ their data were retained nonetheless. 

Mi classifying two out of 70 reported! never-smoking subjects results in a never-smoker 
misclassification rate of 2.9%; misclassifying six out of 34 reported ex-smokers results in 
an ex-smoker misclassification rate of 17.6%; and, misclassifying eight out of 104 
reported nonsmokers results in a nonsmoker misclassification rate of 7.7%. 

Following deletion of the eight deceivers, summary statistics were computed for the 
objective estimates of personal ETS exposure in the remaining subjects, and the results are 
presented in Table 1. Data are presented according to all combinations of husband’s 
smoking status and subject’semploymem status. Smoking was permitted in all of the 
subject’s workplaces. For employed subjects, 37 of 45 (82%) observed smoking near 
them while at work. 


Table 1. Analytical results (medians) of week-long personal I monitoring according to 
husband’s smoking status and subject’s employment'status. 


Subject’s husband 
smokes? 

Subject 

employed? 

n 

3-EP 

Cug/m’) 

Nicotine 

0 ig/m?) 

Cotinine 

1 (ng/mL) 

yes 

yes 

1 23 

0.66 

! 2 :17 

2.37 

no 

yes 

22 

, 0.06 

o; 2 i 

0.40 

yes 

no 

25 

| 0.36 

Oi 87 

2 ; 125 

no 

no 

26 

0 . 02 * 

0.08 k 

0:23 

yes 

all subjects 

48: 

0.44 

1.61 

2.33 

no 

all subjects 

48 

0 . 02 * 

0,12 

0:27 

air subjects 

yes 

45 

0.19 

0.89 

0.93 

all subjects 

no 

51 

0.11 

j 0.26 

0.64 

all subjects 

all subjects 

i 96 

0.15 

1 0.43 

0.82 


'Mtdita-O; value reported is LOD/2 
b Medim < LOD 


Similarly, estimates of home ETS exposure in the smoking households are summarized in 
Tablb 2 . Data are presented according to all combinations of sampler location within the 
home and the subject's emplbyment status. Relative exposure estimates were calculated as 
the ratio of median values in all pertinent categories in Tables 1 and 2, and the results are 
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Tablb 2. Analytical results (medians) of week-long area monitoring in smoker’s homes. 


Home area* 

Subject 

employed? 

n 

3+EP 

Oig/m 3 ) 

Nicotine 

0»g/rn’) 

light use 

yes 

23 

0.68 

1.14 

light use 

no 

25 

0.25 

0.25 

heavy use 

yes 

23 

j 0.80 

3.30 

heavy use 

no 

25 

0.62 

1.50 

avg light & heavy use 

yes 

23 

0.81 

2.39 

avg light & heavy use 

no 

25 

0.43 

0.93 

light use 

all subjects 

48 

0.36 

0,56 

heavy use 

all subjects 

1 48' 

0,63 

2.45 

avg light & heavy use 

all subjects 

[_48_ 

0148 

1.63 


•For definitions of light and heavy use, see text. 


summarized in Table 3. The ratios shown in row 1 (ratio between "smoking husband" 
and "nonsmoking husband" categories) employ the definition of exposed and unexposed 
subjects used in most epidemiology studies and conform to the definitions used by NRC 
(;1) and EPA (2). 


Table 3. Relative exposure estimates. 


Relative exposure 

3-EP 

Nicotine 

Cotinine 

all subjects: S/NS husband 

22.0" 

13,4" 

8.6" 

unemployed subjects: S/NS husband 

! 18.0 n 

10.9” 

9 2” 

employed subjects: S/NS husband 

i;ii.o tt 

10.3" 

5.9" 

all subjects: employed/unemployed i 

i. 1.7* 

1 3.4 f 

1L5* 

subjects w/ NS husbands: employed/unemployed 

3.0* 

2.6 t 

1.7* 

subjects w/ S husbands: employed/unemployed 

1.8* 

2.5* 

1.1* 

heavy home monitors: employed/unemployed 

1.3* 

2.2* 

— 

light'home monitors: employed/unemployed 1 

2.7* 

4.6 f 


avg light & heavy: employed/unemployed 

1.9* 

2.6 + 

— ■ 

home monitors: heavy/light use areas 

1.8* 

4.4” 



* Individual measures of central tendency, not significantly different (p > 0.05) i 
Individual measures of central I tendency significantly different (0.01 ^ p ^ 0 j 05) 
^Individual measures of central tendency significantly different (p ^0.0003) 


DISCUSSION 

Cotinine, a major nicotine metabolite with a half-life in humans o ica. 20 h (8), is 
considered the only viable biochemical marker of ETS exposure, although its use is not 
without limitations. Body burden of cotinine is presumed to reflect exposure to nicotine* 
however, exposure to nicotine does not necessarily equate with exposure to ETS. Due U> 
unusual decay characteristics, nicotine lingers in many environments long after other 
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■g area monitoring in smoker's homes. 


r. - 

jl n 

3-EP 

(^g/m J ) 

Nicotine 

(Fg/m 3 ) 

23 

0.68 

1.14 

25 

0.25 

0;25 

23 

0.80 

3.30 

25 

0.62 


! 23 

0:81 

2.39 

25 

0.43 

0.93 


! 0.36 

0.56 

s _ 

0.63 

2.45 

48 

0.48 



1 (ratio between “smoking husband" 
definition of exposed I and unexposed 
nform to the definitions used by NRC 





Cotinine 


22.0” 

13.4^ 

8.6” 


18.0” 

10.9” 

9.2” 


111.0" 

10.3” 

5.9 n 


11.7* 

3.4^ 

1.5* 

:d 

3.0* 

2.6* 

1.7* 


1.8* 

2.5* 

1,1* 


1.3* 

1 2.2* 

_ 


2.7 t 

4.6* 



1.9* 

2.6* 

I 


1.8* 

4.4” 
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erent (p > 0.05) 

t (0.01 ^ p £ 0.05) 
it (p ^ 0.0003) 


e in humans of ca. 20 h (8), is 
TS exposure, although its use is not 
sumed to reflect exposure to nicotine; 
equate with exposure to ETS. Due to 
Jiy environments long after other 


jobaeco smoke constituents have disappeared, resulting, in many instances, in nicotine 
overestimating ETS exposure (9). This, along with possible consumption of nicotine ini 
the diet and large differences in individual rates of metabolic clearance (10), limits the 
quantitative application of nicotine and cotinine in exposure assessment at low doses. 3 1 
Ethenylpyridine, a combustion product of nicotine, is a more objective estimate of ETS 
exposure since 3-EP decays at rates similar to other ETS components (including particles) 
( 111 , 12 ). 

The concentrations of the airborne markers (Table 1) indicate that long-term personal 
exposures are considerably lower than predicted from short-term area monitoring data 
(13), even for the most heavily exposed group (fe., nonsmokers married to smokers). 

This is due primarily to the inclusion of significant portions of sampling time in the 
absence of ETS (during sleep, travel, etc.) and!is, of course, a more accurate refaction of 
true exposure. From a population perspective, it appears that for wives of smokers, 
virtually all of their ETS exposure comes from the home. The 3 1 EP and nicotine median 
concentrations from personal monitoring (Table 1, rows 11 and 3) are essentially equivalent 
to the median average home concentrations (derived from averaging the light and!heavy 
monitor data from each home, Table 2, rows 5 and 6). 

The relative exposure data in Table 3 support several important conclusions. First, the 
magnitude of exposure ratios between the "smoking husband" and the "nonsmoking 
husband" category (Table 3i row 1) suggests that factors used in recent risk assessments 
(e g, , background correction factor "Z"= 1.75 (2)) are in error for the UlSi population. 

The data reported here ffom three markers measured over a fairly long time period in a 
dcmographically representative cross-section of U.S. women suggest true values of "Z" 
are at least five- to ten-times greater. Second, the same ratios measured for employed 
subjects (Table 3, row 3) indicate that workplace exposure due to working with smokers is 
approximately 10-fold lower than home exposure due to living with a smoker. It is 
presumed by many that the only major source of ETS exposure for a non smoker not living 
with a smoker is the workplace (2,14, J5)i While this may be true, the extent of 
workplace exposure appears to be an order of magnitude lower than i"spousal smoking" 
exposure. Such data contradict recent opinion that "[workplace ETS levels are generally 
comparable with home ETS levels and studies using body cotinine measures as 
biomarkers demonstrate that nonspousal exposures to ETS are often greater than exposure 
from spousal smoking" (2, p. 1-12). A third important conclusion from the d^ta reported! 
here is that interpretation of workplace exposure based upon nondiscrim mating data (e.g., 
questionnaire data, 24-hour exposure monitoring, cotinine measures, etc.) may lead to 
spurious conclusions. Such measures cannot discriminate among home, workplace and 
other exposures in the way that discreet air monitoring in specific locations cam For 
instance, Table 3 (row 6) indicates ai2.5-fold increase in the week-long nicotine monitor 
data for employed wives of smokers compared with unemployed wives of smokers (the 
same trend is noted for 3-EP monitor data; however, the difference is not statistically 
significant). A cursory analysis might conclude that employed! wives of smokers have 
significant additional exposure from the workplace over their unemployed counterparts. 

We note that just such a conclusion was reached recently (15) based on questionnaire dhtai 
However, analysis of the relative magnitude of home exposure between these two 
categories (Table 3, rows 7-9) demonstrates that home exposures are two-fold higher for 
employed wives of smokers. Consequently, the apparent workplace effect is misleading 
and is, instead, a confounded measure of home exposure. There is no difference in the 
observed in-home smoking behavior of husbands between the two categories; however. 
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homes ir* the employed subject category were signiilcaiu'.y smaller than homes in the 
unemployed subject category. Thus, we conclude that the increased home exposure is due 
to the smaller home size; a potential socioeconomic confounden. When , the week-long 
personal monitoring data are corrected for exposure in the home (reported time at home 
combined with average home monitor dita), the apparent workplace effect disappears. 
Also of interest in this same category are the virtually identical median levels of salivary 
counine (compared to a significant 2.5-fold difference in nicotine exposure and an 
insignificant 1.8-fold difference in 3-EP exposure). This suggests that of the three 
markers used in this study to characterize ETS exposure, cotinine is the least 
discriminating. In conjunction with additional problems outlined previously, and the noted 
overall trend in differentiating ability (Table 3, row I) among the markers, cotinine 
appears to significantly underestimate true differences in ETS exposure. 
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Forty-nine nonsmoking married women participated in a home personal exposure study 
for 28 target volatile organic compounds (VGCs) and I total volatile organic compounds 
(TVOCs). The women were selected and classified according to 18 socioeconomic 
categories based on age (18-34, 35*49, 50-64), family income (<$25K, $25K-$40K, 
>$4GK), and husband's smoking status. Of the 29 analytes, 21 demonstrate no 
statistically significant difference in exposure between nonsmoking and smoking homes. 
One VOC, trichloroethylene, is elevated 1 in the nonsmoking homes and seven VOCs, 
benzene, styrene, pyridine, 2-picoline, 3-picoline ( 3-nthylpy,ridine, and 3-ethenylpyridine, 
are elevated in the smoking homes. A correlation matrix and a factor analysis indicate 
that benzene and styrene are not significantly correlated nr associated with 3- 
ethcnylpyridine, a proposed vapor phase environmental tobacco smoke (ETS) marker. 

All of the nitrogenous bases are significantly correlated with 3-cthenylpyridine. Benzene, 
styrene, and TVOC are not significantly correlated with the number of cigarettes smoked; 
however, 3*cthenylpyridine is significantly correlated with the number of cigarettes 
smoked. A Pearson correlation analysis indicates that "gas heat" and "smoking husband’* 
are significantly correlated with elevated benzene ctmccntrarions, but a multiple 
regression model for benzene accounts for less than'30% of the total variance. ETS 
variables account for only 8% of the total variance. In the smoking homes, an 
apportionment technique is evaluated for selected VOCs in order to determine thr 
median percentage of each analyte attributable to ETS, The results, with percentages 
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attributable to ET'S are: TVOC (5.5%), benzene (13.2%), styrene (12.6%), pyridine 
( 40 . 7 %), 2-picoline (67.1%), 3-picnline (90.1%), 4-picoline ('37.2%), and 3-ethyipyridine 
(62.0%)i bidoor air sources other than ETS are also identified for limonene, 
tetrachloroethylene, 1,4-dichlorobcnzcnc, and alkylbenzenes. 

Introduction 

Studies on human exposure to target volatile organic compounds (VOCs) have 
increased dramatically in recent years. A few of the studies concentrate on outdoor 
aliphatic and aromatic VOC exposure while driving automobiles (Adlkofer et al. 1990; 
Chan et al. 1991; Dasch and Williams 1991), riding bicycles on urban and suburban 
thoroughfares (Bevan et al. 1991), or walking on sidewalks near busy city streets (Chan et 
al; 1991), but most of the studies focus on measurements in indoor air environments 
(Adlkofer et aL 1990; Bayer and Black 1986; Bayer and Black 1987; Brown et al. 1990; 
Chan et al. 1990; Girman et al. 1986; Higgins et al. 1987;. McKone and Knezovich 1991; 
Michael et al. 1990; Mflcsch et ali 1982; Mdlhave 1982; Mplhave 1990; Proctor 1988; 
Proctor 1989; Proctor et al, 1989; Proctor et al. 1991; Wallace 1986a; Wallace 1986b; 
Wallace 1987; Wallace et al. 1987; Weschler et all 1990). Indoor VOC concentrations 
are generally higher than outdoor concentrations, and since people tend to spend most of 
their time indoors at home or in the workplace, the potential for VOC exposure is 
greatest in indoor settings (Wallace 1987a). Although simple quantitation of target 
VOCS is meaningful, source characterization and apportionment are vital and integral 

3 


Source: https://www.industrydocuments.ucsf.edu/docs/ffnm0000 


2026224035 



ocm or> 


i <t- 1-84 ; 16MB ; 


ETS/BGTC-* +49 221 164B B58,*# 5 



parts of any indoor air evaluation. Numerous sources of indoor air VOCs exist: 
unvented kerosene or oil heaters, gas or oil furnaces, gas stoves, consumer products such 
as air fresheners, moth balls, and toilet bowl deodorizers, building or furnishing materials, 
clothing, use of hot water, and infiltration of VOCs from outdoor sources. However, one 
of die most controversial and publicized sources of indoor air VOCs is environmental 
tobacco smoke (ETS). The VOCs contributed by ETS constitute a heretofore 
undetermined fraction of a complex, multisource mixture of indoor air volatile 
compounds. 

Tobacco does contribute to VOC levels in indoor environments by the very nature of 
cigarette use;;that is, sidestream smoke and exhaled mainstream smoke generated from 
cigarettes as a result of combustion or pyrolysis mechanisms consequently emit VOCs 
into the surrounding environment In a recent study (Heavner et al. 1992 % a technique 
of ETS apportionment was proposed to assess the effect of smoking activity on specific 
VOC concentrations. The technique is based on the ratio of 3-ethenylpyridine, a vapor 
phaseETS marker, to other VOCs found in ETS. 

The purpose of this investigation is to conduct a personal VOC exposure study of 
"smoking" and "nonsmoking" homes in a demographically selected U.S. city without the 
confounding effect of workplace exposure and to (1) determine the concentration of 
TVOCs: (Wallace et al. 1991) and 28 target VOCs in these homes; (2) compare the VOC 
andiTVOC levels in smoking and nonsmoking homes; (3) develop a correlation matrix to 
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compare VOC and TVOC concentrations with respect to each, other;: (4) assess the effect 
of specific lifestyle activities on selected VOC concentrations:;^) evaluate the 

relationship between the proposed vapor phase ETS marker, 3-ethenylpyridine, and other 
indicators of smoking activity such as indoor air nicotine and salivary cotinine 
concentrations; and, most importantly, (6) evaluate the ETS apportionment technique in 
order to determine the contribution of ETS to TVOC and selected target VOC 
concentrations in indoor air environments. 

Experimental Methods 

Apparatus, Materials and Chemicals. Personal VOC multisorbent samplers consisted 
of two i stainless steel cartridges connected in series and packed with 160; mg of 60/80 
mcsh Tenax TA (Alltech Associates, Deerfield, EL) and 160 mg of 60/80 mesh Carbotrap 
(Supelco Inc., Bellefonte, PA) in each cartridge. The solid adsorbent sample cartridges 
were connected to Model 222-4 "low-flow" diaphragm pumps (SKC South, Appomattox, 
VA) with approximately 30 cim of silicone rubber tubing: A pen clip was connected onto 
the front cartridge to facilitate attachment of the sampler cartridges to a lapel, collar, or 
pocket in the breathing zone of the participant: Pump flows (60-80 mL/min) were 
measured before and after the sample period, and the average of the two flows was used 
to calculate the VOC concentrations. Sample cartridges were analyzed by thermal 
desorption/gas chromatography/mass spectrometry for TVOCs and 28 target VOCs. 
Collectioni efficiency correction factors for each VOC were calculated and applied in 
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order to determine the amount entering the: trout cartridge, while! pvri-hnc- wu'.w-r.-. 
were obtained by summing the mass determined on the front.and- mcY curTTiUSgss-. ■- 

addition, ten cartridges were used for field blank correction) Data were analyzed 
statistically with SAS* software (SAS Institute Inc., Cary, NC). Sampler construction, 
sample collection, and analytical techniques are described in detail elsewhere (Heavner et 
at 1992). 

Diffusion monitors or passive sampling devices (PSDs) for five-day time-weighted 
average nicotine and 3-ethenylpyridine determinations were constructed from three-piece 
37-nun polystyrene filter cassettes (Milliporc Corp., Bedford, MA) with a Teflon 
membrane filter windscreen (Schleicher & Sehuell; Keene, MH) and a glass fiber filter 
(Pallflex Co., Putnam, CT) treated with a 4% sodium bisulfate (Aldrich Chemical Co., St. 
Louis, MO) solution as the collection medium. Prior to, and immediately following 
sample collection, the PSDs were stored in polypropylene specimen jars with screw-cap 
lids (Fisher Scientific, Pittsburgh, PA). After sample preparation, filters were analyzed by 
gas chromatography/theriuionic-specific (nitrogen) detection. PSD sampling rates for 
nicotine and 3-ethenylpyridine were 31.5 ntIVmin and 27.8 mL/min, respectively. PSD 
construction, validation, determination of sampling rates, sample preparation, and 
analytical techniques are dtescribed in detail elsewhere (Ogden and Maiolo 1992; Ogden 
et al, 1993)t 

Saliva samples were collected with Saiivettes (Sarstedt line.. Newton, NC). The devices 
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.- ..rsisted of clear polystyrene conical (centrifuge tubes' with; a-. sn«fwr.r, .vmh^c s. 
untreated cylindrical coiton swab. After: sultan collection, the Saliveites. were (.gnu-d in- 

individual envelopes and stored at approximately -10 °C in a freezer prior to cotinine 
determination by, radioimmunoassay (R1A). The RIA method is described in detail 
elsewhere (Langone 1973; Langone and Van Vunalds 1982j. 

All sample media (VOC samplers, PSDs, and Salivettes) were collected from the 
participants over a five-day period and stored at approximately -10 °C in freezers at a 
central location. After all sample collection materials were received, the media were 
packed with dry ice and shipped to the laboratory where they were immediately 
transferred to freezers and stored until analysis. 


Site Selection and Timing. A national market research agency was contracted to 
provide guidance and assistance with regard to selection of a site city and study dates, 
development of a questionnaire and diary, participant training, and general administrative 
aspects of the VOC project. A local field service in the site city was subcontracted to 
provide a central facility for participant recruitraent/training and collection of sample 
materials. Also, the national! market research agency provided expertise as a liaison 
between the local field service, study participants, and client technical personnel involved 
in the study to ensure that neither the participants nor the local field service personnel 
were aware of the purpose of the study or the company sponsoring the project. 
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(AAA) as "one: of the most average cities in the country” because its residents comprise a 
"demograpbically normal”segment of the U.S. population (Minois/Indiana/Ohio 
Tourbook 1991). Also, the AAA states that Columbus offers a "perfect cross section of 
consumers” and is often referred to as "Test Market, USA." Columbus has a population 
of approximately 560,000 with a metropolitan area population of over one million 
residents. In addition, Columbus is known as a center for scientific and technical 
information, retail banking, insurance, and real estate without the traditional heavy 
industrial base found in many midwestern U.S. cities, 
j 

Questionnaire and Diary Development Questionnaires and diaries were developed in a 
jpint effort with the national market research agency, client researchers, and a client 
statistician to ensure that questions were condse and unambiguous for participants in all 
socioeconomic categories. Questions related to lifestyle, leisure activities, diet, etc. were 
included and arranged to conceal the fact that the major independent variable was the 
husband’s smoking status. The following questionnaires, diaries, and instructional 
materials were developed as a result of these efforts: (1) a "Screening Questionnaire" 
form used for initial telephone recruitment of participants; (2) a "First Visit Survey" form 
used by participants upon entering the site market research agency facility; (3) a "Pump 
and Special Diary Instructions" form used by participants as instructional reference for 
VOCsampler/purap operation and diary’ completion; (4) a "Special Diary and Additional 
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Ones dons" form used to record activities during the VOC sample period; (5) an "Air 
Mbnitor: Instructions for Participant" form used to instruct and record information 
regarding the use of personal and fixed area PSDs in the homes; (6) a "Saliva Sampling” 
form used to instruct and record information regarding collection of saliva samples; (7) a 
"Monitor/Salivette Return Probe" form used by interviewers to question participants 
regarding placement, usage, and collection of PSDs and saliva samples; (S) a Tump 
Return Probe" form used to question participants regarding operation of the VOC 
sampler/pump; and (9) a "Last Visit Survey" form used to question participants regarding 
hobbies, diet, use of consumer products, etc. 

Each prospective married female participant was placed in one of 18 cell categories 
based on the following variables; the husband’s smoking status (smoking or 
nonsmoking), the participant’s age (18-34, 35-49, or 50-64 years old), and family income 
range (<$25K, $25-$40K, or >$4QK per year). Homes that contained smoking 
household'.members other than the husband were rejected. Fifty-five participants were 
recruited by telephone from the local field service’s in-house database for participation in 
the project representing 24 of the 57 residential area Zip Codes in the greater Columbus 
area. All 18 cell categories were filled with at least one participant in each cell. 

Participant Training. Experienced interviewers from the local field service trained all 
female participants. Each participant was given two kits: a VOC kit and a PSD/saliva 
kit. The VOC kit contained instructional materials, an activity diary, a pre-calibrated 
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regarding pump operation. The interviewer demonstrated the proper technique for 
wearing the VOC sampler with the pump in the apron and the multisorbent sampler 
cartridges dipped onto a lapel or collar. The procedures for turning the pump on and 
off, recording the start and stop times, and completing the "Special Diary and Additional 
Questions" forms were conveyed as well. 

YOC Sampling. The participants wore the VOC sampler for three consecutive evening 
hours on either Monday, Tuesday, or Wednesday during the week of February 25-29, 

1991 while both the husband and wife were at home. In addition, the participants 
completedla special activity diary segmented into 15-minute intervals over the three-hour 
sampling period. The female participant recorded activities pertaining to everyone in the 
household. Oil the day after collecting the three-hour VOC sample, the participants 
returned the sampler to the facility. The recorded pump start and stop times were 
verified, and: the pump flow was measured for comparison to the imtiali pump calibration. 
Finally, the participants signed a form at the end of the study certifying that they 
operated the pump for three consecutive hours and recorded activities that occurred 
during that period. 

Nicotine and 3-Ethenylpyridine PSD Sampling. All participants wore a personal PSD 
for five consecutive days. In the smokers' homes only, a PSD was placed for five 
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where the husband and wife spent most of their time together, e.g. a family room or den: 
The participants were told that the PSD would detect odors and chemicals; the 
participants were not told that the PSD was specific for nicotine or 3-ethenyJpyridine. 
Daily diaries were provided for each of the five days, Monday through Friday, February 
25-29, 19911 Daily diaries were segmented into one-hour periods for recording activities 
that occurred. During that hour, the participants were asked to record the number of 
cigarettes that 1 were smoked in their presence, the number of times they smelled exhaust 
fumes; and the number of times that other odors were noticed. Each participant was 
givem the appropriate number of PSDs,capped and placed in screw-cap jars, to open on 
the morning of the first dby of the study (Monday). On Friday, the participants were 
asked to place the PSDs in the jars, record the time at the end of the study, and return 
the materials to the market research facility. Upon returning to the facility, with the 
PSDs and saliva samples on. the last day of the study, the participants were questioned 
regarding use of the sample materials. 


Saliva Sampling. Also included in the PSD/saliva kit were the saliva sample 

i 

i instructional materials, four Salivette tubes, a thermally insulated bag, a rcfrcezablc ice 
pack (Stanbel Ice-Pak Inc., Montreal, PQ), and four insulated envelopes. To illustrate 
proper use of the saliva collection system during the first visit, the participants were 
asked: to remove one of the Salivettes, place the cotton swab in their mouth, and chew 
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vigorously for one miauls.. 1 he cotton swapi was returned to she tube, sort tb- : w?.? 

inserted 1 into one of the enveiopes. The envelopes were collected and immediately 

placed in a: freezer for a baseline cotinine determination. These samples were labelled as 
"Demo” for administrative purposes. The participants were instructed to collect similar 
saliva'samples on Monday morning, Wednesday evening, and Friday evening. The 
participants were instructed to place all saliva samples in individual envelopes and to 
store the envelopes in a freezer immediately. On Friday, February 29, the participants 
were asked to place the frozen ice pack in the thermal bag with the three saliva samples 
and! return the bag to the market research facility. 


Results and Discussion 

Participant Rejection Criteria. Fifty-five married females participated in the sample 
collection portion of the Columbus study: 27 married to nonsmokers and 28 married to 
smokers. However, based on salivary cotinine results greater than 10ng/mL, five women 
were eliminated from the data analysis portion of the study (Euel 1990). Another 
woman 1 married to a smoker was eliminated from the data analysis portion of the study 
when it was discovered that the room in which she and her husband spent the majority of 
their time was equipped with an air cleaning system and that her husband smoked in a 
separate room of the house. Inclusion of this participant’s results in the smoking home 
category wouldi potentially bias the results. As a result, 49 participants were included in 
the data analysis portion of the study: 24 women married to nonstnokers and 25 women 

12 


Source: https://www.industrydocuments.ucsf.edu/docs/ffnmOOOO 



SENTl BY’. 


; a- 1-94 ; 10 -.27 ; 


ET5/BGTC-* +49 221 1646 058; #14 


married to smokers. 

VOC Summary Statistics. Summary statistics for all VOCs and TVOCs are reported in 
Table Ii Results are separated into smoking and nonsmoking homes with the number of 
determinations for each analyte (n), the means, standard deviations, medians, minima, 
maxima, and Wikoxon Rank Sum Test p values for determining statistically significant 
differences between smoking and nonsmoking homes. The Wilcoxon Rank Snm Test was 
used because the data are generally not normally distributed. Of the 29 analytes (TVOC 

and 28 VOCs), 21 demonstrate no significant difference between smoking and 

i 

nonsmoking homes. One of the VOCs, trichloroethylene, is elevated in the nonsmoking 
homes: Seven! of the VOCs are elevated in the smoking homes: benzene, styrene, 
pyridine, 2-picoIine, 3-picoline, 3-ethylpyridine, and 3-ethenylpyridine (3-EP), Of these 
seven, four of the; nitrogenous bases (pyridine, 2-picotine, 3-picoline, and 3-ethylpyridine); 
are; generally considered to originate predominantly from tobacco sources, and, as a 
result, are elevated! in the smoking homes. However, pyridine and many of the pyridine 
derivatives have been found at trace levels in foods such as fish, meat, vegetables, 

I cereals,.dairy products, and alcoholic beverages (Jori et al, 1983; Vernin 1982). In 

i 

addition, pyridine is eliminated from the- human both' through the breath, urine, feces, 
and 1 skin (Jori et al. 1983), and a number of the pyridine derivatives are used as chemicaJi 
intermediates in the production of adhesives, fibers, resins, and pesticides (Windholz 
1976). Therefore, detection of some of these nitrogenous bases is expected in homes 
without smoking activity. The other nitrogenous base, 3-EP, is considered tobacco* 
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specific and is a proposed vapor phase ETS marker (Eatough et ai. 1989; Heavner et al. 
1992). Of course, 3-EP is elevated in the smoking homes, thus providing a measure of 
smoking activity. However, 3-EP is found in four of the 24 nonsmoking homes, though at 
extmmefy low concentrations. The mean 3-EP concentration in nonsmoking homes is 
0.08 ng/af, while the mean 3-EP concentration in smoking homes is 1.28 pgW; 
corresponding median concentrations are less than the limit of detection (LOD) and 0.95 
Ug/in 3 , respectively. The maximum 3-EP concentration in the nonsmoking homes is 0.57 
it gto 3 , while the maximum 3-EP concentration in the smoking homes is 5.58 yg/m’. 


Correlation Matrix. A matrix of Pearson correlation coefficients is presented in Table 
II to illustrate statistically significant correlations between individual VQCs and, 
ultimately, VOC compound classes; correlation results from all homes (n^49), smoking 
and nonsmoking, are included in the matrix. Significant correlations at p £ 0.05 are 
represented by filled circles (•) while correlations at 0.05 < p £ 0.10 are represented by 
open squares (□), The proposed ETS marker, 3-EP, is significantly correlated at p £ 
0.05 with the five nitrogenous bases: pyridine (r=0.65), 2-picoline (r=0.85), 3-picoline 
(r=0.88), 4-picoh’ne (r=0.55), and 3-ethylpyridine (r-0.64). Also, limonene (r=0.24) is 
correlated at 0.05 < p £ 0:10 with the ETS marker. Although benzene is elevated in 
smoking homes, benzene is not correlated with 3-EP at either significance level. 

However, benzene is significantly correlated with 2-picoline (r*=0.34) at p £ 0.05 and 3- 
ethylpyridine (r=0.26) at 0.05 < p < 0.10. In the smoking homes (n=25), benzene is not 
significantly correlated with either 3-EP or any of the nitrogenous bases. Thus, tile 
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j significantly correlated with a number of other aromatic VOCs: toluene (r=0.41), 

ethylbenzene (r—0.46), o-xylene (r—0.45), m-xylene (r=0.49), /7-xylene (r=0.44), it- 
propylbenzene (r=0.36), n-butylbenzene (r=0.30), 1,2,3-trimethylbenzene (r=0.28), and 
1,3,5-trimethylbenzene (r=0.35) at p s 0.05, and styrene (r=0.26) at 0.05 < p 5 QilO. 
Correlation coefficients of styrene with other VOGs are similar to those of benzene. 
Styrene is correlated at p s 0.05 with ethylbenzene (r=0.35), o-xylene (r=0.36), m-xylene 
(r=0.34),/ 7 -xylene (r=0.35),pyridine (r=0.30), «-propylbenzene (r=0.28), 2-picoline 
(r=0.36), 3-picoline (r=0.28), 1,2,3-trimethylbenzene (r=0.31), and 1,3^-tdmethylbenzene 
(r=0.29). Styrene is not significantly correlated with 3-EP, the vapor phase ETS marker. 
As is the case with benzene, styrene in the smoking homes (n=25) is not significantly 
correlated with either 3-EP or any of the "tobacco+related" nitrogenous bases at p < 0.05 
or 0.05 < p s 0.19. Ih general, correlation results presented in Table II demonstrate that 

i aromatic hydrocarbons are correlated! with aromatic hydrocarbons, aliphatic hydrocarbons 
are correlated with aliphatic hydrocarbons, and nitrogenous bases are correlated with' 
nitrogenous bases. 

j- 

Factor Analysis, Since a visual! inspection of the correlation matrix suggests that the 
VOGs might occur in correlated groups, a factor analysis was performed on a]128 VOCi 
and TVOC. Factor analysis is a variable-directed statistical technique used to identify or 
derive new variables or factors that provide a better understanding of the data fOhatfidd 
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and Collins 1980); The purpose of performing a factor analysis is tn exarerns r 
covariance structure of variables and to, identify factors that arc related; jo group:. 

variables. The interpretation of factors is a subjective process, generally aided by 
rotating the factors so that each factor is either highly correlated with a given variable or 
uncorrelated with it Then the factor can be said to be representative of commonalities 
in the set of variables with which it is highly correlated and free of association from the 
set of variables with which it is not correlated. Since a number of major indoor air VOC 
sources are known to exist, it is reasonable to expect that many of the VOCs are 
generated from a smaller number of unique, unrelated sources that can be isolated as 
groups of interrelated variables in r factor analysis 

Factor analysis results tor the 29 analytes are reported in Table III. Seven factors are 
identified with the variance explained by each factor listed above the VOCs grouped in 
that factor. The variance explained is clbsely related to the number of variables 
accounted for by each factor group. VOCs with a correlation coefficient of r £ 0 j 5O with 
each factor are listed in Table III to show how the factor analysis grouped the VOCs. 
Factor one contains only aromatic hydrocarbons. Factor two contains mostly aliphatic 
hydrocarbons and TVOC with an overlap of one aromatic hydrocarbon, 
isopropylbenzene. Factor three contains only the "tobacco-related" nitrogenous bases 
including 3-BP, the vapor phase ETS marker. Factor four contains 1,4-dichlorobenzenc 
and two n-alkanes («-nonane, «-decane) with which it is significantly correlated in the 
correlation matrix (Table II). Factor five contains tetrachloroethylene and toluene; 
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fetrachloroelhyJeiie is significantly correlated with toluene and no other VOC {Tfchig: I.R. 
factor six contains trichloroethylene- and limoncne, and factor seven contains nyreue. In 

general, the factor analysis demonstrates the presence of three main groups incorporating 
22 of the 29 analytes. These groups are characterized by compound class: the aliphatic 
VOCs, the aromatic VOCs, and the "tobacco-related" nitrogenous bases. The remaining 
seven analytes are distributed among four smaller, miscellaneous groups. The most 
significant finding is that benzene is grouped with the aromatic VOCs and not the 
"tobacco-related’ 1 nitrogenous bases. In addition, styrene is in a factor grouping by itself 
and is not grouped with the "tobacco-related’ 1 nitrogenous bases. If ETS were the sole 
or even the predominant indoor air source of benzene or styrene, then these two 
compounds would I be expectedto group with the "tobacco-related" VOCs. 

Miscellaneous VOC Source Identification. The VOC target list of 28 compounds 
includes chemicals that originate from a number of diverse sources. In order to establish 
sources of these compounds, questionnaire responses were reviewed and specific 
activities or consumer products were selected as independent variables to determine 
statistically significant differences in the dependent variable responses, ie. selected VOC 
concentrations. No attempt was made to identify sources for all of the target VOCs. 
Instead; a select group of four compounds or classes of compounds was chosen for the 
miscellaneous source identification: limonene, tetrachloroethylene, 1,4-dichlorobenzene, 
and the aromatic hydrocarbons. ETS as a source of specific VOCs will be addressed 
later in this discussion. 
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Limonene is a naturally-occurring compound found in the essential oils of a natnbt--- 
citrus fruits and! herbs such as lemons, oranges, caraway, dill, and bergamot (Wfehc'- 
1976). Because of its lemon-like odor, it is often used in the consumer product industry 
as a fragrance to improve the sensory acceptability of products. In the "Last Visit 
Survey," participants were asked if they used certain consumer products on a fairly 
regular basis. Twelve consumer products were selected as potential sources of limonene: 
air freshener, liquid bleach, furniture polish, hair spray, kitchen cleaners, window cleaner, 
fingernail polish, carpet freshener, carpet cleaner, stain remover, perfume, and bug killer. 
Exposure to ETS during the three-hour "pump period" was selected as an additional 
independent variable for testing limonene concentrations since limonene is correlated 
with 3-EP at 0.05 < p s OjIQ (Table II). In Table IV, Wilcoxon Rank Sum Test results 
are presented to compare limonene levels in the households where potential source 
products were used to households where they were not used, with significance indicated 
at p s.0.05; Results are tabulated separately for smoking/nonsmoking homes and all 
homes combined. In the nonsmoking homes, elevated limonene concentrations are 
associated with the use of hair spray or perfume (p s 0.05), and air freshener, furniture 
polish, and stain remover (0.05 < p s; 0.10). In the smoking homes, elevated limonene 
concentrations are associated with the use of stain remover (p <. 0.05). In alllhomes 
combined,, elevated limonene concentrations arc associated with the use of furniture 
polish andi stain remover (p £ 0.05 level) and hair spray (0.05 < p <. 0.10). Exposure to 
ETS during the pump period appears to be statistically unrelated to limonene 
concentrations in the smoking homes even though limonene is correlated with 3-EP in 
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Tetrachloroeihytene is a known commercial dry-cleaning solvent, and is often used as a 
degreasing agent in commercial organic solvent-based cleaners (Windholz 1976). 
Trichloroethylene has been used in the past as a commercial dry-cleaning solvent; 
however, current applications include use as a degreasing agent and as a solvent for 
numerous chemical preparations and coatings, such as paints and varnishes (Juhola 1973; 
Windholz 1976). In Tahlfe V(a) t Wiknxon Rank Sum Test results are presented to 
compare levels of trichloroethylene and tetrachloroethylene for groups of households 
defined by the activity of wearing clothes that were dry-cicaned within the previous week. 
Results are tabulated separately for smoking and nonsmoking homes and all homes 
combined with significance indicatedlat p s 0.05. In the nonsmoking homes and smoking 
homes separately* neither trichloroethylene nor tetrachlbroethylene concentrations are 
significantly elevated with the activity of wearing dry-cleaned clothes; however, when all 
homes are combined, elevated tetrachloroethyJene conccntratioas are associated with: the 
activity of wearing dry-cleaned clothes (p s 0.05). Statistical power tor this test is low 
since only two of the 49 participants wore clothes that had been dry cleaned within the 
previous week. 


1,4-DichIorobenzetic is a volatile, crystalline solid used as an insecticidal fumigant in 
domestic mothball preparations, air fresheners/deodorizers, and toilet bowl deodorizers 
(Wallace 1987a; Windholz 1976). In Table V(b), Wilcoxou Rank Sum Test results are 
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presented to compare levels of 1,4-dichlorobenzene for groups of households defined by 
the activity of using mothballs in the home. Results are tabulated separately for smoking 
and nonsmoking homes and all homes combined with significance indicated at p £ 0-05. 

In the nonsmoking homes and smoking homes separately, 1,4-dichlarobenzene 
concentrations are not significantly correlated with the activity of using mothballs in the 
home; however, when all homes are combined, elevated 1,4-dichlorobenzenc 
concentrations are associated with the activity of using mothballs (p <, 0.05). The ability 
to detect a significant effect in all homes combined is apparently due to an increase in 
statistical powers 

A typical I commercial grade of gasoline is a mixture of C, to C u hydrocarbons containing 
aromatics, paraffins, and olefins (Winholz 1976)). It is a volatile mixture that could 
potentially affect indoor VOC concentrations, if gasoline is stored in a basement or 
attached garage. In Table VI, Wilcoxon Rank Sum Test results are presented to 
compare levels of the aromatic hydrocarbons and households defined by the activity of 
storing gasoline in an attached garage or basement Again, results are tabulated 
separately for the smoking and nonsmoking homes and all homes combined with 
significance indicated at p s 0:05. In the nonsmoking homes, o-xylene (p <, 0.05), 
toluene, isopropylbenzene, and n-propylbenzene (0.05 < p < 0.10) concentrations are 
significantly elevated in homes where gasoline is stored. In the smoking homes, p-xylene, 
o-xylene, n-propylbenzene (p s 0.05), m-xylene, and 1,3,5-trim ethylbenzene (0.05 < p ^ 
0.10) concentrations are significantly elevated in homes where gasoline is stored. In all 
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are significantly elevated in homes where gasoline is stored. It is somewhat surprising 
that'benzene and toluene do not demonstrate significance at either level since benzene 
and toluene are known to exist in gasoline formulations and automobile exhaust 
(Robinson et ah 1988). 


Three-Hour Versus Five-Day Smoking Activity. The three-hour VOC samples collected 
in each of the 49 homes provide no information related to activities and subsequent 
exposures that occur on a daily, weekly, or yearly basis. In essence, the VOC samples 
collected in the homes provide a three-hour "snapshot" of activities and VOC exposure; 
However, it is important to establish whether or not the three-hour sampling period is 
typical of, or at least related to, longer-term smoking activity and VOC exposure. In 
Table VII, results are presented for a Pearson correlation analysis comparing the three- 
hour 3-EP concentrations with the five-day PSD nicotine, tile five-day PSD 1 3-EP, and the 
salivary cotinine concentrations. Significant correlations at p < 0.05 axe demonstrated fbr 
all comparisons with the exception of the Monday morning salivary cotinine (0.05 < p z 
0,10). In genera], the correlation analysis results suggest that the three-hour VOC 
sampler 3-EP concentrations are typical of the week’s smoking activity. 

For 3-ethenylpyridine, the three-hour 3-EP concentrations are significantly correlated (p 
5 0.05); with the five-day 3-EP "light" PSD (r=0.88), the five-day 3-EP "heavy"' PSD 
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3.885,. and fchi: taw-day >-RP average PSD (r =0.89) concentrations. Thus,. a strong; 

' relationship insists between the short-iexioi (three hour) 3-EP and the long-term 

(five day) 3-EP concentrations. In contrasty although the three-hour 3-EP concentrations 
are significantly correlated with the five-day 3-EP personal PSD (r= 0.72) concentrations, 
the relationship is somewhat weaker. 

The three-hour VOC sampler 3-EP and the ftve-day PSD nicotine relationship is 
similar. For example, the three-hour 3-EP concentrations are significantly correlated (p 
< 0.05) with the ftve-day nicotine "light" PSD (r=G.46), the five-day nicotine "heav/'PSD 
(r=0.84), and' the five-day nicotine average PSD (r=0.78) concentrations. Again, the 
direct comparison of short-term 3-EP with long-term nicotine demonstrates a strong, 
statistically significant relationship with the exception of the light" monitor which has the 
smallest' correlation coefficient; Given the decay properties of nicotine (Nelson et all 
1990) and the Ideation of the "light" monitor in the child’s bedroom or other seldom used 
area distant from the majority of smoking activity, a weaker correlation is expected. 

For salivary cotinine, the three-hour 3-EP concentrations are significantly correlated (p 
^ 0J5)with the "Demo” sample (r=0.61), the Wednesday evening sample (r=0.71), the 
Friday evening sample (r= 0.64), the average of all samples (r=0;62), and the Monday 
morning salivary cotinine (r=0,36) at 0.05 < p i 0.10 i Since cotinine has a half-life of 
approximately 20 hours in humans (Benowitz 1983), all of the salivary cotinine samples, 
with the exception of the Monday morning sample, are indicative of exposure that 
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y occurred during the week: the Monday morning sample is indicative of exposure that 

ji 

ji occurred! on m weekend, If one assumes that' weekday activities differ from weekend 

activities, then the Monday morning saliva sample is less typical of exposures that occur 
during the week. Overall, the three-hour VOC sampler 3-EP concentrations are more 
strongly correlated with the five-day PSD determinations, 3-EP and nicotine, than with 
salivary cotinine concentrations. Since the metabolic response of individuals to nicotine 
exposure is highly variable (Idle 1990), it is not surprising that the relationship between 
salivary, cotinine concentrations and VOC sampler 3-EP concentrations is not as strong as 
the relationship between the PSD concentrations and VOC sampler 3-EP concentrations. 

Number of Cigarettes Smoked. Information on the number of cigarettes observed 
during the "pump period" was recorded on the " Special Diary and Additional Questions" 
form. In Table VIII; results from a Pearson correlation analysis comparing the number 
of cigarettes smoked with 3-EP, benzene, styrene, and TVOC concentrations are 
reported for the smoking homes. In addition to the "cigarettes observed" variable, two 
normalized variables, "cigarettes observed/rooni" and "cigarettes observed/room excluding 
bathrooms” are included. The normalized variables are included to account for 

! 

differences in home sizie. Ideally, the normalization should be performed with the actual 
house volume and/or measured ventilation rates; however^ these variables were neither 
measured! nor estimated. 

Of the four analytes; only 3-ethenylpyridinc, the vapor phase ETS marker, exhibits a 
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statistically significant correlation with any of the smoking activity variables. The 
cigarettes observed 1 variable (r-0.29), is not significantly correlated with 3-BP; however, 
the two normalized variables, cigarettes observed/room (r—0.40) and cigarettes 
observed/room excluding bathrooms (r=0.40), are significantly correlated at p s 0.05. 
Even though two of the three correlations are significant, the correlation coefficient, r, is 
small; , however, several factors may affect this relationship: (1) room area variability; (2) 
house volume variability; (3); air exchange rate variability; (4) sink source variability, (5) 
oounting or reporting errors; and (6) ETS cigarette Jcfivciy variability. 


The remaining selected analytes, benzene (r=0:018), styrene (r=-0.03), and TVOC (r= 
-0.04), are not significantly correlated with the number of cigarettes observed at' p 5 0.05 
of 0.05 < p'S 0.10. Benzene (r=0.16), styrene (r=0.01), and TVOC (r-0,02) are not 
significantly correlated with the number of cigarettes observed/room. In addition, 
benzene (r—0.18),, styrene (r=0.01), and TVOC (r=0.01) arc not significantly correlated 
with the number of cigarettes observed/roorn excluding bathrooms. Although benzene 
and styrene are elevated in smoking homes versus nonsmoking homes as determined by 
the Wilcoxon Rank Sum Test (Table I), apparently several other sources contribute 
significantly to this elevation. In fact, benzene, styrene, and TVOC concentrations exhibit 
(morer correlation coefficients and p values with the normalized smoking activity 
variables than with the raw smoking activity variable, whereas the normalized smoking 
activity variables improve the correlation coefficients and p values with respect to 3^EP. 
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j Benzene Source Identification. In order to evaluate benzene sources, a number of 

i 

i 

I; potential indoor and outdoor sources of benzene were identified and selected from 

questionnaire responses: smoking husband, gas or oil heat, fireplace, gas jets (logs), wood 
stave, gas range, cooking dinner, kerosene heater, type of home (apartment or single- 
family dwelling), attached garage, storing chemicals in the home, and distance from a 
highway. Benzene contributions from each of these potential sources were evaluated by 
conducting a Wilcoxon Rank Sum Test on the levels of benzene observed in homes 
where a given source was present; compared to homes in which it was not present. A 
Kruskal-Wallis Test was conducted for six levels of the distance from highway variable. 
The p values for these tests are given in Table IX. Only smoking husband, gas heat, gas 
or oil heat, and electric heat sources are significant at p s 0.05. Of the 49 homes, 38 
used gas heat, 9 used electric heat, one used oil heat, and one reported geothermal heat. 

| Thus, the set of homes heated with gas or oil is nearly identical to those heatedwith gas, 
and both are approximately the complement of those that used electricity. It should be 
noted that only one home reported the use of gas jets (logs), a woodstove, or a kerosene 
heater, and only two reported the use of a fireplace during the pump period. Therefore, 
tests of these potential sources have very little statistical power. Of the 17 potential 
I sources, only smoking husband and gas vs. electric heat are sources that result in 
significantly different levels of benzene. 

Benzene Regression Model. Using the dichotomous variables addressed in the previous 
section (Table IX) and the continuous variables related to the number of cigarettes 

25 : 


Source: https://www.industrydocuments.ucsf.edu/docs/ffnm0000 


2026224057 



SENT BY- 


; 8- 1-94 ; 18:48 1 


ETS/BQTG- +49 221 1848 8581#27 


smoked during the three-hour period, a regression model was developed in' an sHeiupr • 
account for the; variables resulting in' elevated benzene concentrations. In; Table }L 

results of a Pearson correlation analysis for the continuous variables and a benzene 
regression analysis are presented. For purposes of discussion, the variables are classified 
as either "ETTS" or "non-ETS" variables. For the non-ETS variables, the regression model 
explains 23% of the total variance encountered; however, the overall model is 
insignificant (p=0.73). Adding the dichotomous ETS variable, smoking husband, to the 
non-ETS variables improves the model slightly by explaining 28% of the total variance; 
however, the overall mode] remains insignificant (p=0.61). The incremental addition of 
the smoking husband variable to the model is also insignificant at p=0.15. Removing this 
variable and adding the continuous ETS variable, cigarettes observed/room excluding 
bathrooms, to the non-ETS variables improves the model slightly by explaining 27% of 
the total variance; however, the overall model remains insignificant (p=0.66). The 
incremental addition of cigarettes observed/room excluding bathrooms is also insignificant 
at p=0.21. Removing this variable and adding the continuous ETS variable, cigarettes 
observed/room, to the non-ETS variables improves the model slightly by explaining 26% 
of the total variance; however, the overall model remains insignificant (p=0.68). The 
incremental addition of cigarettes observed/roont is also insignificant at p=0.22. 

Removing this variable and adding the continuous ETS variable, cigarettes observed, to 
the non-ETS variables improves the model slightly by explaining 27% of the total 
variance; however, the overallimodel remains insignificant (p=0.68). The incremental 
addition of: cigarettes observed is also insignificant at p=0.24. For the dichotomous and 
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encountered; however rn? ovemi; .■•...-cs-.it is insignificant (p - 0-4?). 

the ETS'and non-ETS variables to the model explains 30% of the total variance 
encountered; again, the overall model is insignificant (p**0.78). In conclusion, neither the 
ETS nor the non-ETS variables separately or combined yield significant model regression 
coefficients with respect to the benzene contributions. The non-ETS variables account 
for more of the variance (r*=0.23) than the ETS variables (^=0.08). Obviously, the 
modbPs ability to identify and account for benzene sources other than gas heat and 
smoking husbands is weak. Apparently, the sum total of all other unidentified benzene 
sources exerts an overall greater effect on benzene concentrations than the variables 
applied in the model. 


ETS Apportionment The statistical techniques described thus far such as ranking, 
correlation analysis, factor analysis, and regression modeling are limited in their ability to 
determine true apportionment of VOC sources. For example, absolute benzene and 
styrene concentrations are higher in the 25 smoking homes than in the 24 nonsmoking 
homes; but correlation analysis and factor analysis methods indicate that the benzene and 
styrene concentrations are not correlated with the ETS marker concentrations (Tables II 
and III). In addition, benzene and styrene concentrations are not correlated with the 
other smoking-related indicators such as the number of cigarettes observed during the 
sample period (Table VIII). Finally, the benzene regression model is unable to predict 
benzene level with reasonable confidence given the input source variables. In a situation 
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concentration. Daisey et al. (1991) presented a technique using model estimates ol the 
contribution of ETS to VOGs and suggested the possibility of an apportionment 
technique; using "gas-phase nicotine or some other unique tracer of ETS and the ratio of 
nicotine (or tracer) to VOC in ETS." In an earlier study (Heavner eta!. 1992), an 
apportionment technique was described in which the ratio of a vapor phase ETS marker, 
3-ethenyl pyridine, to selected analytes was determined in an environmental chamber 
across a range of air exchange rates (Q to 2 per hour) with ETS generated from a 1R4F 
test cigarette (University of Kentucky, Lexington* KY) as the sole source of VOCs. 

Then, the percentage of the VOC attributable to ETS (%Analyte OTS ) was calculated 
based on the 3-EP/Analyte ratio from field determinations. The utility of this technique 
was tested in four smoking and four nonsmoking homes. (Heavner et all 1992) 

In Tablb XI, apportionment results from each of the 25 smoking; homes with summary 
statistics are presented for eight selected analytes; TVOC, benzene, styrene, pyrMine. : 2- 
picoline, 3-picoIine, 4-picoline, and 3-ethylpyridine. Because the data are not normally 
distributed, the medians are more meaningful than the means in comparing results. For 
TVOC, the median percentage attributable to F.TS is 5.5%, ranging from 0.0% to 25.8%. 
For benzene, the median percentage attributable to ETS is 13.2%, ranging from 0.0% to 
63.2%. For styrene, the median percentage attributable to ETS is 12.6%, ranging from 
0.0% to 58.1%. For the nitrogenous bases, pyridine, 2-picoline, 3-picoline, 4-pico!ine. and 
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' ••;inylpy»Mne t the median percentages attributable to ETS are 40.7%, 67.1%, 90; 1%. 
r.1%, and 62.0%, respectively. For all of the nitrogenous, bases, percentages 

attributable to EFS are greater than 100% in some of the homes. In these homes, the 
absolute concentrations (in pg/m 3 ) are extremely low compared to the concentrations 
used to determine: the 3-EP/Analyte ratios in the environmental chamber. Consequently, 
small differences in the field determinations may result in apportionment percentages 
greater than 100%. Rather than arbitrarily limiting these values at 100%, the 
umcorrected values are presented to illustrate the difficulty in determining apportionment 
percentages when the absolute concentrations approach the limit of quantitation for a 
specific analyte. Overall, the ETS apportionment technique demonstrates the 
multisouree nature of VOCs in indoor air environments and provides one quantitative 
estimate of the percentage of selected VOCs that originate from smoking activity. 

Furthermore, the %Analyte En determinations may be used to calculate the absolute 
concentration of analytes originating from ETS and from all other sources combined. In 
Figure 1, the "Total" concentrations and the "ETS” concentrations are presented in a 
histogram format for four of the analytes (TVOC, benzene, styrene, and 3-picoline) from 
the 24 nonsmoking and the 25 smoking homes. The results are paired and ranked in 
increasing order of "Total" concentration. TVOCs arc not calculated for three of the 49 
homes due to GC/MSD instrument problems resulting in the loss of data from the back 
cartridges. The histograms graphically' illustrate the ETS contribution to the total 
concentration: and! place into perspective the relationship between the portion originating 
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from ETS and the portion originating firom others non-ETS sources. In general, these 
results demonstrate that even in the absence of smoking activity, substantial levels of 
TVOCs and VOCs are generated. ETS does contribute to the total concentration of 
specific VOCs; however, the elimination of ETS as a source has minimal impact on the 
total concentration with the exception of the nitrogenous bases. Most importantly, ETS 
contributes relatively little to the aggregate VOC indicator, the TVOC concentration. 

Conclusions 

In this study, the levels of VOCs measured'during a three-hour period in 25 smoking 
homes and 24! nonsmoking homes have been discussed and related to a number of 
multiple indoor air sources. Of the 29 analytes, one VOC is elevated in the nonsmoking 
homes, seven VOCs are elevated in the smoking homes, and 21 VOCs are not 
statistically different. Storing gasoline in a garage or basement contributes to elevated 
levels of eight aromatic hydrocarbons. Using mothballs in the home contributes to 
elevated levels of 1,4-dichlorobenzene. Wearing diy-cleaned clothes contributes to 
elevated! levels of tetrachloroethylene. Using stain remover or furniture polish 
contributes to elevated levels of limonene. Although benzene and styrene are elevated in 
smoking homes, these VOCs are not significantly correlated with the number of 
cigarettes smoked or the proposed vapor phase ETS marker, 3-ethenylpyridine, indicating 
that a number of other unidentified sources contribute to this elevation. Based on 
nonparametric tests of 17 source input variables, gas heat and smoking husband are 
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identified as source variables contributing la indoor aw benzene levels: However. n 
regression analysis mode] >»<diiMtes tJriae the ETS variables account for only' B% of the 

total variance encountered. The non+ETS variables account far 23% of the total 
variance encountered* The technique of ETS apportionment based on 3- 
ethenylpyridine/VOC ratios appears promising, but further investigation is required in 
order to determine 3-EP ratios for existing market cigarette brands. Nonetheless, this 
technique is potentially useful in assessing the portion of indoor air VOCs attributable to 
ETS ini environments where multiple sources are responsible for contributing to the total 
concentration of a specific analyte. The median percentages of TVOC, benzene, and 
styrene attributable to ETS in smoking households are 5.5%, 13.2%, and 12.6%, 
respectively. 
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Figure L Histograms of the total and the ETS fraction of selected VOC analytes in all 
homes (smoking and nonsmoking). The TVOC results are ranked by increasing 
concentration, and the benzene, styrene and 3-picoline results are matched with their 
corresponding TVOC result. 
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ABSTRACT 


Environmental Tobacco Smoke (ETS) exposure of 255 non-smoking subjects was assessed 
by several methods. Each subject wore a personal air sampler for 24 hours, answered a 
questionnaire about air quality and ETS exposure, and provided saliva samples for 
cotinine analysis before and after the monitoring period. The study was conducted in the 
Leeds and Harrogate areas of northern England. 

Median exposure to ETS particles was below the detection limit of 4 pg mi Median 
exposure to nicotine was 0:5 pg m' 3 and median saliva cotinine levels were 0.7 ng mL' 1 
and 0.6 ng mL' 1 for the pre and post-cotinine samples. Median' exposure to particles from 
all sources hot 142 pg m s . Approximately 80% of subjects assessed their ETS exposure 
as ’none ’ or 'low '. 

On average, the home made the greatest contribution to ETS exposure, followed by 
leisure, and then work. Travel was a minor contributor to exposure. 

Overall, subjects with a partner who smokes were exposed to more ETS than subjects with 
no partner or a non-smoking partner. However there way considerable overlap in the 
exposures of individuals within these groups. 

Where subjects assessed their ETS exposure as ’none’ or 'low', this way in general 
supported by the direct measurements of exposure. However, for exposure assessed as 
'moderate' or 'high' there was a wide range in the corresponding direct measurements. 
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There was a moderate correlation between exposure to nicotine and exposure to ETS 
panicles (R 2 ~0.66), but poor correlation between nicotine exposure and saliva cotinine 
levels (R 2 -0.07for pre and R 2 —0:13 for post-cotinine samples) 


Overall: ETS made only a small (median 2.5 %) contribution to particles from all sources 
as collected by the personal monitor. Exposure to ETS particles did not correlate 
(Rr=0.Q4) with exposure to particles from all sources. 

Out of 327 volunteers recruited as non-smokers for this study, 53 (16%) were identified as 
likely smokers by saliva cotinine levels or detailed questioning. 
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INTRODUCTION 


Two main approaches have been used in the past to assess whether there is any risk 
associated with exposure to ETS. One is based on epidemiology and the other based on 
the quantities of smoke constituents: to which non-smokers are exposed. 

A criticism of published epidemiological studies of ETS is that almost all failed to include 
a direct measurement of exposure level (Coultas etal. 1989). Although spousal smoking 
has frequently been used as an index of exposure in these studies, the accuracy of this 
approach has been questioned (Koo et al. 1987). Therefore, it is important to determine 
how well reported spousal smoking correlates with directly measured exposure. It is also 
important to determine how well ETS exposure can be predicted by questionnaire or by 
measurements of saliva cotinine since these approaches; are: also used as an alternative to 
direct measurements of exposure. In the case of cotinine measurements consideration' 
must be:given'to threshold levels (Etzel 1990) in order to exclude smokers: from ETS 
exposure evaluationi There have been various ideas on what defines a regular smoker. 
The EPA for example defined regular smokers as those having more than 30% of the 
average cotinine level 1 found for smokers. 

Mbsi of the information about the quantities of smoke constituents to which non-smokers 
may be exposed is based on fixed-site measurements of ETS levels in locations such as 
homes, offices and restaurants together with assumptions about the time people are 
thought.to spend in'these locations. There have been'numerous; such studies (reviewed by 
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Guerin et al. 1992) particularly in die USA, but these do not characterise properly the 
range of ETS exposure experienced by non-smokers over a period of time. 

There have, until: recently, been few attempts to measure directly the exposure of people 
as they go about their normal lives, even though this approach should provide more 
realistic results than.those calculated from ETS levels in locations. The use of personal 
monitoring has been common practice in the industrial hygiene field for many years, but 
it is: only recently that the analytical methodology has been refined sufficiently to allow 
ETS measurements: to be carried out by this approach. When personal monitoring is usedi 
subjects can be monitored over set periods, such as 24 hours or longer. It could be 
assumed that the: monitoring period is typical of a subject’s normal! exposure but it is 
preferable to establish'that this is the case by questionnaire. 

The lfevelb of both'nicotine and ETS panicles have been determined in several studies of 
locations, but personal monitoring studies have tended to measure nicotine and not 
particles. In view of the limitations of nicotine as ai marker for ETS (Guerin et al. 1992). 
there clearly is a need for personal monitoring studies in which nicotine and ETS panicles 
arc measured simultaneously . It is now possible to estimate the ETS contribution to 
panicles from all sources (PAS) bv a number of methods. Measurements using ultra 
violet light (UVPM) and fluorescence (FPM) and the determination of solanesol (SolPM) 
are all used in this study. 

UVPM 1 measurements and, to a lesser extent FPM measurements, are believed'to 
overestimate ETS contributions to total panicles because of the presence of interfering 
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compounds. Solanesoi is a constituent of Tobacco and other members of the Soianacae 
family,, e.g potatoes. It is found in the particulate phase of ETS and its presence in air is 
likely to be derived only from tobacco smoke and would not be expected to overestimate 
ETS panicles. 

In this study, the 24-hour exposure to ETS of a group of UK non-smokers was assessed 
by personal monitoring. Subjects were asked detailed questions about their smoking 
history, and exposure to ETS, and saliva samples were taken for cotinine measurements. 
Subjects were asked to assess their overall exposure to ETS. These assessments could 
then be compared! to measurements made directly using the monitor. Relative 
contributions from the home, work, leisure and travel to overall ETS exposure were 
assessed tty direct measurements in conjunction with questionnaire information' In 
addition, spousal smoking, questionnaires and saliva cotinine levels were compared with 
personal monitoring as methods of assessing ETS exposure. Comparison of the methods 
of assessing ETS exposure was also made in order to determine the extent of any 
correlation. The weather conditions were also monitored and recorded throughout the 
study period: 


Some researchers refer to ’cigarette equivalents’ when assessing the risk of ETS exposure 
to non smokers. However, mainstream smoke (that inhaled) is no- chemically identical to 
ETS smoke or exhaled smoke. Comparison of the quantities of ETS exposure with 
cigarette yields has been made im this study, but only to allow the magnitude of the 
exposure to be put into perspective. 
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Misclassification occurs in ETS studies when smokers report themselves to be non- 
smokers or vice versa. In this study subjects were regarded as misclassified and they 
were excluded from'ETS exposure evaluation on the basis of their saliva cotinine levels. 
The rejection criteria used were based on' published! saliva cotinine levels for smokers and 
non-smokers (Etzel 1990). 
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METHODS 


Recruitment of subjects 


Potential subjects tor use in this study were randomly selected from an existing data base 
of 15,000 volunteers held at Besselaar Clinical Research Unit. Leeds. England. They 
were: contacted by tetter and asked to take pan in a general air quality study. Those who 
volunteered had to complete a recruitment questionnaire which included a question about 
their smoking status. Only those volunteers who confirmed that they were non-smokers 
were considered, from which 327 were usedi on this study. 

To avoid the possibility of influencing their behaviour, subjects were told that the purpose 
of the study was to assess Air Quality and were not informed: that it was related to ETS 
exposure. 


The Monitoring Session 

The personal monitors were delivered by an investigator (a member of Hazleton Europe's 
scientific staff) to each subject on the appointment date, and the use of the pump and the 
wearing of the monitor was explained. The subjects were asked to wear the monitor at 
alll times throughout the 24 hour test period 1 except when in bed 1 or bathing/showering, 
when they were asked to place the monitor nearby in a vertical positiom Each' subject 
was asked to complete an activity diary over the 24 hour period and to record 
observations of general air quality including the presence of tobacco smoke. 
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*: 

At 1 the start of the session the caps were removed from the personal monitor and the 
pump stroke counts recorded. The pump was switched on by the investigator, and a 
saliva sample (pre-sample) taken. 

After 24 hours the pump was switched off and the pump: stroke counts recorded. A 
comprehensive questionnaire was: completed 1 by the investigator, with the subject referring 
to the diary as necessary. Finally, a saliva sample (post-sample) was taken. 

The pump stroke counts were used to confirm that the pump had operated continuously. 
The pump flow rate was measured' before and after each monitoring session. 

Collection of Saliva Samples 


Dental swabs sealed in hygienic vials (salivettes. Sarstedt. Leicester. England), were used 
to collect saliva samples. Bv removing: the lid and tilting the vial to the lips, the subjeci 
could transfer the. swab to the mouth without touching it. After chewing for a timed 
1.5' minutes, the swab was returned ED' the vial using the tongue. The cap was then 
replaced and. the vial stored in a freezer (-20°C): until required for analysis. 

The Personal Monitor 


The purpose of the personal monitor was to collect ETS panicles and 1 nicotine from' the 
air close to the subject's breathing zone throughout a'24 hour period. The monitor 
consisted of an aluminium filter holder (Figure 1) which: rested in the centre of the 
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subject’s chest, supported by a rigid wire necklace. The filter holder was connected to a 
battery-operated pump (Model 222-3, SKC Ltd., Dorset, England) by flexible plastic 
tubing. The pump was concealed in a small, padded bag, attached to a belt aroundi the 
subject's waist and was almost inaudible when operating within this bag. 

The aluminium'filter holder contained two filters; in series: a Teflon front filter (FALP 
02500; Millipore UK Ltd.. Hertfordshire, England) and a second filter (Fiberfilm 
T60A20. Pallflex Corp., Connecticut, USA) acidified with sodium bisulphate. The front 
filter was. shown to collect all ETS panicles and the acidified filter was shown to retain 
nicotine very efficiently. The front filter was sandwiched between a stainless steel sealing 
ring and a stainless steel supporting grid. In prototype designs Teflon seals and spacers 
were used but this resulted in weight changes ini the front filler of several micrograms.. 
The use of stainless steeli rings and supporting grids eliminated' this weight change. The 
acidified filter was sandwiched between Teflon spacers and this eliminated losses of 
nicotine within'the filter holder. 

The pump flowrate was set to 139 mL min' 1 ., giving 1 a total air sample of 200 1 litres in the 
24-hour sampling period. At this flow rate, and with a fully-charged batten’, a pump 
would run for about 30 hours when attached to the filter holder. 

The filter holder was fitted’with a security tag which ensured that the subject could not 
dismantle the holder without detection. Sealing caps were used to exclude air from the 
filter holder before and after the sampling period. 
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ANALYTICAIL procedures 


Panicles from all sources 

Panicles firora ail sources were trapped on the Teflon'front filter in the personal monitor. 
The weight collected was determined to the nearest microgram by weighing the filter 
before andi after the monitoring; periodL These weighings could be carried out with good 
precision providing that static charge was eliminated from'the filters prior to weighing: 
This was achieved using a commercially available, radioactive, static eliminator (PDV-1 
Amersham International pic. England). 

Experiments in a Model Room demonstrated that the collection efficiency for ETS 
panicles using a: personal monitor at a flow rate of 139 mL min' 1 'was equivalent to that of 
commercially available filter holders at the ‘standard!’ flow rate of 2 L min 1 . This result 
is to be expected for small (< 1 ^m) panicles such as those: present: in ETS. Calculations; 
using the sampling rate and orifice dimensions of the personal monitor indicate that the 
panicle collection efficiency would! decrease with.panicle size, approaching zero 
efficiency ar about 50 diameter. 

Panicle concentrations, measured bv the personal monitor do net correspond to either 
Total Suspended Panicles (TSP) or Respirable Suspended Panicles (RSP) but will fall 
somewhere between these values. In this publication, the term' PAS is used to refer to 
Panicles from All Sources as collected by the personal monitor. Since, in'most 
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situations, RSP is a major fraction of TSP (Monn et al. 1993), the PAS results in this 
study would be expected to be similar to RSP for most subjects. 

Estimation of the ETS contribution to particles from all sources 

UV, fluorescence and solanesol measurements were used to estimate the ETS contribution 
to the total quantity of panicles collected' by the front filter of the personal monitor. The 
use of these three methods has been discussed by Ogden et al. (1990). 

For the UV and: fluorescence measurements, the panicles were extracted from the Teflon 
front filter with methanol. An aliquot of the extract was injected into a column-less high 
performance liquid chromatography (HPLC) system and passed through a UV detector 
(325 ; nm) and a fluorescence detector (excitation 300 nm. emission 420 nm) in series. 

The peak areas: of the UV and fluorescence signals obtained were used to calculate the 
quantity of ETS panicles in the extract using predetermined conversion' factors. 

The solanesol content of the methanol extract was; determined by reverse phase HPLC 
using methanol as the mobile phase and UV detection at 210 run. The quantity of 
solanesol imthe extract was convened to a quantity of ETS panicles using a 
predetermined factor. 

The factors used to conven UV, fluorescence and solanesol measurements into weights of 
ETS panicles, were established by experiments in a Model Room. ETS was generated'by 
humans smoking combinations of typical UK cigarettes (five best-selling brands) and 
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ETS particles were collected from the Model Room atmosphere using the personal 
monitors. A range of ETS panicle weights were collected on personal monitor filters by 
varying the sampling time. The UV absorptions, fluorescence and solanesol content 1 were 
measured and'the: relationship with'weight of panicles determined. 

After the initial calibration against ETS. UV measurements were calibrated against a 
surrogate standard 1 of 2.2’,4.4’-tettahydroxybenzophenone (THBP) and fluorescence 
measurements were calibrated against' scopoletin as a surrogate standard . These surrogate 
standards were used for calibration purposes throughout the study. 

The relationships obtained were reasonably consistent with'those reponed by Ogden et ai. 
(1990)'for U'S cigarettes (Table 1). 

The ETS'. panicles, determined by the UV and fluorescence methods are commonly 
referred to as UVPM and FPM respectively. ETS panicles determined by the solanesol 
method are referred te as SolPM in this paper. 

Nicotine 

Extracts of the front and back filters were basified with, sodium'hydroxide. Nicotine was 
extracted into di-isopropyl ether containing N-ethylnomicotine as an internal standard and 
triethylamine to prevent adsorption of nicotine by glassware. Nicotine was measured by 
megabore capillary GC with nitrogen-selective detection. It was shown by parallel 
sampling experiments that results for nicotine obtained using the personal monitor were 
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equivalent to those where nicotine was collected on sorbent tubes containing XAD-4 
resin, as used by Ogden et al. (1989). 

Saliva Cotinine 


The salivette containing the saliva sample was thawed and then centrifuged to release the 
saliva from the cotton swab. N-Ethylnorcotinine was added! to a 0.5 mL aliquot of the 
saliva sample as an internal standard. The aliquot was made basic with ammonium 
hydroxide and then cotinine and the internal standard were extracted into dichioromethane 
and analysed by capillary GCMS in the ion monitoring mode. Mass 176 was used to 
detect cotinine and mass 190 to detect the internal standard. Mass 98 and mass 112 were 
used as confirmatory ions for cotinine and N-etnylnorcotinine. respectively. 


Mass spectrometry was used because preliminary tests had shown that nitrogen-selective 
detection lacked adequate selectivity at low cotinine levels. There were several 
nitrogen-containing compounds at similar retention times to cotinine in some saliva' 
samples and this made it difficult to confirm the presence or absence of cotinine. 

Detection limits 


Detection limits for the analytical methods are listed in Table 2. For each sampling day 
one 'blank’ personal monitor was assembled and dismantled at the same times as the 
subjects’ personal monitors.. Filters from the blank personal 1 monitor were analysed in the 
same way as those from, the used monitors. 
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Limits of detection were established by taking account of results from the blanks together 
with the signal to noise ratio on the real samples and the calibration standards. A signal 
to noise ratio of three: was required: for a positive: signal. Results: for the: blank monitors 
were not subtracted from the results for the subjects’ monitors. 

The front filter used for measuring PAS was weighed as a blank throughout the study. 
These weighings indicate the weight change was rarely more than 1 fig. On this basis, a 
weight change of 4 fig was considered' real and measurable for a subject’s filter. This 
corresponds to 4 fig in'the 200 litres of air collected or 20 fig m' 3 of PAS. In practice 
PAS results were not below this detection limit for any subject. 

For many of the analyses, the levels found were below the limit of detection. This raises 
the question of how to deal with these results in the calculation of means, medians etc in 1 
the data analyses.. If a value of zero was: applied 1 ' when results are below the limit of 
detection then this would lead to an underestimate of average exposure.. Conversely, if 
the value of the detection limit: itself was applied in such cases them the average exposure 
would be overestimated.. As a reasonable compromise, ai value which is one half of the 
detection' limit was: used for the data analysis. The same compromise has been used in 
other studies of this type, e.g Kirk et al. 1938, and Nehls et al. 1973. 
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RESULTS and discussion 


Subjects Studied 

From the 327 volunteers recruited for the study, 72 were excluded for various reasons 
which included 7 who admitted smoking dtiring the monitoring period. For the remaining 
255 subjects, the age and sex distribution is listed in Table 3. 

Excluded Subjects 

Subjects and their corresponding analytical! results were excluded from the study for 
various reasons. These are; listed in'Table 4. 


It is debatable when using saliva cotinine levels what cut-off point should be used when 
attempting to distinguish between smokers and non-smokers. In a review of saliva 
cotinine levels. Etzel (1990) reported that non-smokers usually have levels below 5 ng 
rmL : but that heavy exposure can result in levels around 10 ng mL 1 . In this study, a 
higher threshold of 25 ng mL" 1 was chosen since this would avoid the possibility that 
some heavily exposed non-smokers might be incorrectly categorised as smokers. 

The: number of subjects in this study that would have been rejected as smokers at different 
threshold levels is given in Table 5; the seven subjects who admitted smoking are also 
included. 
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These results show that, in this study, the choice of the saliva cotinine level used as a 
threshold was not critical, especially in the range 15 to 30 ng mL' 1 . 

It is of interest' that a further 12 subjects admitted smoking between recruitment and the 
24 hour monitoring period (but not during the monitoring period itself) and yet they were 
not identified as: smokers by their saliva cotinine measurements. This demonstrates that' 
saliva cotinine measurements can fail to identify occasional smokers who have not smoked 
for a few days: and could thus underestimate the extent to which smokers describe 
themselves as non-smokers. It is possible that further subjects in this study were 
occasional smokers, or smokers of very low yielding cigarettes, and were not detected. 

These findings demonstrate that it can be very difficult to determine whether a person 
really ism regular smoker, non-smoker or even: a'casual smoker. This clearly needs to be 
taken into'account in other investigations of ETS exposure.. 

Misclassification of Smoking Status 

It was not anticipated that misclassification would occur to a significant extent in this 
study since the subjects were members of a well-documented group used for medical 
trials., and! all subjects completed a recruitment questionnaire confirming their non¬ 
smoking status. In view of the recruitment criteria, it was surprising that 7 subjects 
admitted: smoking during the 24 hour monitoring period (questionnaire), 12 subjects 
admitted smoking since recruitment (questionnaire), and.34! subjects were rejected on the 
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basis of their saliva cotinine measurement. Thus 53 subjects out of a total of 327 (ie 
16%): were identified! as likely smokers and some of these were clearly regular smokers. 

It is conceivable that some of the 34 subjects identified as possible smokers by saliva 
cotinine levels were really users of nicotine gum or a nicotine patch. As misciassification 
was not expected to occur at a significant level in this study, the questionnaire did not 
address possible use by the subjects of gum or patches. However, none of these subjects 
mentioned the use of nicotine gum or a patch, even though questioned in detail about their 
smoking history. Furthermore, nicotine patches were not in common use at the time of 
the study. 

After, completion of the study, the 34 subjects were contacted by the Besselaar Clinic and 
asked whether they had! ever used nicotine gum or a nicotine patch. From the 17 that 
replied 16 stated that they had used neither. This suggests that the use of nicotine gumor 
a nicotine: patch, was not likely to be a significant factor in the identification of these 
subjects as smokers. 

The median level of saliva: cotinine for seif-reported smokers (or nicotine users) in the 
UK was reported (Lee 1987) to be 319 ng mL : for men and 311 ng mL"' 1 for womem 
Subjects in this study with saliva cotinines over 100 ng mL' 1 could be regarded as regular 
smokers (based on an EPA definition, 1992) even though they had 1 described themselves 
as non-smokers during recruitment. 
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The number of subjects found to have saliva cotinine levels greater than 25 ng mL' 11 and 
their ranges is shown in Table 6i 

Those subjects, with saliva cotinine levels between 25 and 1100 ng mL' 1 may be either 
occasional smokers or regular smokers who had; refrained from smoking just prior to the 
test period. The misel&ssified subjects on this study are listed by age and: sex in Table 7. 

The occupations of the misciassified subjects included, for example, housewives, a 1 nurse, 
a butcher, civil servants, a cytogeneticist, a greenkeeper, clerks, labourers, a joiner. 

V'DU operators, a laboratory technician, a musician and unemployed people. 

These results indicate that people from a wide variety of occupations mis-repon their 
smoking status, and that misclassification 1 may be more extensive among men (33 out of 
150) than women (20 out of 176) in the UK. 
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Relevance of 24-hour Samples 


fin order to assess whether the 24-hour sampling period was typical of normal ETS 
exposure, subjects were asked to compare their exposure during the sampling period 1 with 
their average exposure over the last six: months. The results are shown in Table 8. 

Over 50'% of subjects assessed their exposure in'the monitoring period as typical of their 
average exposure during the last six months and less than' 10% considered: their exposure 
in the 24-hour period to be much less than normal. However, these results indicate that, 
on balance, the subjects judged 1 their exposure to have been somewhat less than normal. 

Objective evidence that the monitoring period was similar to recent exposure is that the 
mean, median and distribution of results for the pre-monitoring saliva cotinine levels are 
in: close agreement with those of the post-monitoring values, Mean pre-cotinine and post- 
cotinine were both 1.4 ng mL' 1 and the median ore and post-cotinine 0.7 and 0.6 ng raL' 1 
respectively. 


The vast majority of subjects reported that wearing: the: personal monitor did not 
significantly interfere with' their normal lifestyle. 

Weather Conditions during the Studv 

The Study was conducted in October. November and early December. 1992. It was 
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decided to avoid the summer months when ETS exposure was likely to be at a minimum 
and to avoid peak winter conditions when exposure would probably be at its highest and 
the practical difficulties of conducting the study at their greatest. The months chosen; for 
the study were considered to be a> good 1 compromise. 

There was a wide variation in weather conditions (as provided 1 by the local weather 
centre) throughout the study. A summary is provided in Table 9. 

There were three days on which hail and three days on which sleet were observed. 

No obvious relationship could.be seen between weather conditions and ETS exposure and 
there were no consistent trends when results were compared on a week-by-week basis. 
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LEVELS OF EXPOSURE TO ETS FOR ALL SUBJECTS 


Table 10 shows the summary analytical data for all subjects. 

When reporting results, both the mean and the median values of data sets are quoted* 
together with the range of values. In this type of study where the results are far from 
being normally distributee :he median is a more appropriate measure than the mean. This 
is because one or two exceptionally high values can have a disproportionately large effect 
on the mean when most of the other values are relatively low. 

Except in the case of PAS. the median exposure values reported in this table are close to. 
or below, the detection limits of the methods used. This is consistent with the subjective 
assessments in Figure 2, where it can be seen that about 80% of subjects considered that 
their ETS exposure was 'none' o:r low’. 

Figures: 3 and 4 show the distributions of SolPMl. nicotine and saliva cotinine results. The 
distributions, are very similar in each case and show that the exposure of most subjects is 
at the low end of the range. Over 70% of subjects were exposed! to less than 10: m ,; ' 

of ETS panicles, over 60% were exposed: to less than 1 /ig m' 3 of nicotine and over 60% 
had saliva cotinine: less than 1 ng mL' 1 . 

Results for the 10'% of subjects with the highest measured ETS exposure, based ora 
SolPM. are also shown in Table 10. 
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In Table 10, the differences between the vaities for UVPM, FPM, and SolPM reflect the 
susceptibility of these measurements to interference. Ift some cases, FPM and especially 
UVPM, were observed at fairly high levels when there was no evidence of smoke 
exposure, clbarlv demonstrating the presence of interference. The soianesol-based 
measurements; were more consistent with nicotine measurements and reported ETS 
exposure. For these reasons, discussion; of ETS panicle values in this paper relate to 
those estimated by. the SolPM method l 

Nicotine levels found in; this study are in good agreement with those reported in other 
recent studies, including a study by Proctor et al. (1991) in which the nicotine exposure 
of women in Birmingham. England was measured by a personal monitoring technique. 
The saliva cotinine results are also very similar to those reported by Proctor et; al, (1991). 
Table 11 compares these findings. 

Ogden er all (1993), in a personal monitoring study of non-smoking women in the USA, 
reported median nicotine exposure of 0.43 /zg m° and median; saliva cotinine of 
0.8 ng mL'\ 


ETS panicles were found to make only a small contribution to PAS (Table 12). 

Assuming a breathing rate of 1 m 3 per hour, a person exposed to the median levels found 
in this study would be exposed to about 1,244 mg of PAS. 17.5 mg of ETS panicles and 
about 4.4 mg of nicotine in.a year. This calculation assumes these subjects are exposed 
at this 24 hour median; level throughout the year. 


23 


Source: https://www.industrydocuments.ucsf.edu/docs/ffnmOOOO 


2026224107 



Based on the median levels for the tenth decile (SolPM), the most heavily exposed 
subjects would be exposed to approximately 1944' mg PAS, 561 mg of ETS particles, and 
63 rag nicotine in a year. This calculation assumes these subjects are exposed at this 
higher 24 hour level throughout the year. 

For comparison, a typical UK cigarette delivers about 12 mg of panicles and 1 mg of 
nicotine to the smoker. 

By modelling of fixed-site RSP measurements,, Repace and Lowrey (1993) estimated 
typical daily non-smoker exposure in'the USA, corresponding to 522 mg/year for ETS 
panicles and 52 mg/year for nicotine. For the "most-exposed" non-smokers, their 
estimates correspond to an ETS panicle exposure of 5220'mg/year and 1 a nicotine 
exposure of 522 mg/year. The data reported here suggest that non-smoker exposure to' 
ETS in the UK is welll below that estimated by Repace and Lowrey for the USA. 

Summary analytical results by age and sex are given in Tables 13 and 14. Male subjects 
were foundito have higher average exposure to ETS panicles,and nicotine, and had higher 
saliva cotinine levels. The highest exposure for males and females was in the 21 to 29 
age group. 
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ETS EXPOSURE FROM WORK. HOME. LEISURE AND TRAVEL 


Questionnaire data indicate that, on average, relative contributions to total ETS were 
subjectively ranked as Leisure > Work > Home > Travel, both during the monitoring 
periodiand during the last six months (Table 15). 

Subjects with; a non-smoking spouse/partner reported their primary source of ETS 
exposure as Leisure (48% of cases), Work (34% of cases), and! Travel (3% of cases). 

However subjects with a smoking spouse/partner reported their main source of exposure 
as Leisure (19% of cases), Work (11% of cases), and Travel (0% of cases). The spouse 
was assessed as the primary source of exposure by 53% of these subjects. 

Since subjects were not separately monitored at home, work, leisure or during travel it: is 
not straightforward reassess; the contribution of each of these sources to the 24 hour 
exposure. It is necessary to rely on information from the subjects about where they were 
exposed. 

Most subjects either assessed 1 their ETS exposure as 'none' or reported that their exposure 
was from more than one source. However, in those cases where the 24-hour result was 
attributed by the subject to a single source, the measured exposure levels, based on the 
means, suggest that the ranking is Home > Leisure > Work > Travel (Table 16). 

In view of the smalll numbers of subjects having a single source of exposure, another 
approach was used to assess; the home, work, leisure and travel contributions to total ETS 
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exposure. For each subject exposed to more than 10/xg m' 3 of ETS particles, the 
assessment of percentage exposure from the four sources was used to distribute the 
corresponding measured 24-hour values between the four sources. Where the subjects 
assessed their 24! hour exposure as ’none’, the corresponding measured values were 
distributed according to the number of hours the subject spent at each source. 

The mean results computed! using this method again suggest that the ranking is Hbme > 
Leisure > Work > Travel. These computed estimates are shown in Table 17. 

The subjective and measured results both suggest that, overalli travel makes only a minor 
contribution 1 to exposure. 

It is interesting that the ranking of sources of exposure found by measurement is different 
from the ranking perceived by the subjects. One possible explanation for this is that 
subjects have based; their judgements on the relative ETS levels in the four situations 
while taking insufficient account of the time spent in these situations. 
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SPOUSAL SMOKING 


In order to examine the effect of spousal smoking on ETS exposure, the subjects' results 
were divided! into 3 groups depicted in Table IS. 

Figure 5 shows the subjective assessments of ETS exposure made by the three groups. 
These subjective results indicate that the ranking of exposure is Smoking partner > No 
partner > Non-smoking partner, although there is considerable overlap between 
individual subjects within the groups. In the group with a smoking; spouse/partner; 53% 
assessed their spouse/panner as their primary source of ETS exposure, 30% assessed 
work or leisure as their primary source of exposure, and 16% of subjects assessed their 
exposure as 'none'. 


The measured exposure levels and! the saliva cotinine data for these groups (Table 19) 
suggest the same overail ranking as the subjective data. The distribution of results for 
these groups (see Figure 6 for the distributions of ETS panicles results) confirms that 
there is considerable overlap between the amount of exposure of individuals in these 
groups. Furthermore. 29% of subjects with a smoking partner were exposed to less 
thanuhe mean ETS panicle level of subjects with a non-smoking partner. 


Figure 6 shows that 40% of subjects with a smoking spouse/panner have exposure in 
the lowest SolPMi range. This is in agreement with the subjective exposure assessments 
of 'none" and 'low' chosen by 45% of subjects in this group. 
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These findings indicate that a group of subjects with a smoking spouse/partner is likely 
to have a higher average ETS exposure than a group with a non-smoking 
spouse/partner. However, spousal smoking status clearly cannot be used, without 
supplementary evidence, to assess reliably the ETS exposure of individuals or small 
groups of subjects. 

It can be seen from the median values in Table 19 that subjects with a smoking partner 
were exposed to. about nine times more ETS panicles and nicotine than subjects with a 
non-smoking panner. Corresponding data for women (Table 20) shows that' the ETS 
panicle: exposure for those with a' smoking panner was 5.5 times greater than for 
women with a non-smoking panner. The ratio was 6.5 for nicotine exposure and an 
average:of 4.4 based on saliva cotinine. These ratios are higher than the ratio of 1.75 
assumed for women in the USA by the EPA (1992) in their ETS risk assessment. A 
recent study carried out in the USA (Ogden et al. 1993) has also found these exposure 
ratios to be higher than 1.75. 
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COMPARISON OF OTHER MEASURES OF SMOKE EXPOSURE 


Subjective Assessments Compared with Direct Measurements 

Figures 7 and 8 show the variation in measured exposure and saliva cotinine level for 
each grade of subjective exposure assessment. Although subjects were able to assess an 
exposure of ’none’ or ’low’ quite welll there was considerable variation in the direct 
measurements corresponding to the higher grades of subjective assessment- Some 
subjects who reported their exposure as ’high’ had less directly measured exposure than 
other subjects who reported their exposure as ’low’. 

Clearly, therefore, an individual’s ETS exposure cannot be reliably assessed by a; simple 
questionnaire. Better assessments may be possible by detailed questioning about the 
hours spent in various locations and the numbers of smokers present, but this was not 
examined in this study. Delfino et al. (1993) didl investigate this issue and concluded that 
"the weak relationship between questionnaire estimates of ETS exposure and cotinine 
found' in the present study, suggests that: further investigation is needed: to improve the: 
assessment of recent ETS exposure". 

Saliva 1 Cotinine Compared with Direct Measurements 

Saliva cotinine values showed poor correlation (R 2 = 0.06 for pre, R 2 = 0.14 for post) 
with 24-hour ETS panicle exposure and. perhaps surprisingly, poor correlation with 24- 
hour nicotine exposure (R 2 = 0.07 for pre, R' 2 = 0.13 for post). Some subjects exposed 
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to relatively high'levels of ETS particles and nicotine had no detectable saliva cotinine. 
Gonversely, some subjects who had not been exposed to any measurable quantity of 
nicotine had relatively high levels of saliva cotinine. Possible reasons contributing to 
the lack of correlation could be: 

(1) Different rates; of nicotine metabolism between subjects. 

(2) For many subjects* the saliva cotinine value was close to, or below, the limit of 
detection. 

(3) ETS exposure occurring at different times within' the 24-hour period for different 
subjects. 

(4) The previous days’ exposure determining the pre-cotinine level! and! the residual 
pre-cotinine contributing to the post-eotinine level. 

(5) Dietary consumption of nicotine. 

Poor correlations of nicotine exposure with saliva cotinine levels have also been found 
in other recent studies'(Proctor ec al. 1991) and therefore the value of saliva cotinine 
measurements for estimation of nicotine exposure at low levels must be seriously 
questioned. 

Comparison of Methods for Estimating ETS Panicles 

Three methods were used in this study for estimating the ETS contribution to particles 
from'ail sources, and it might be expected that there would be a good 1 correlation 
between; the results obtained. The relatively poor correlation between UVPM and 
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SolPM (R 2 =0.19) and the moderate correlation between FPM and SolPM (R J =0.46) 
can be largely explained by interference in the UVPM and FPM measurements. In 
some cases where SolPM and nicotine are very low, i.e there was very little ETS 
exposure, there were relatively high levels of UVPM or FPM (Figure 9). Figure IQ) 1 
shows that if these most obvious cases of interference were removed, there would be an 
improvement in the correlation between UVPM and SolPM and between FPM and 
SolPM. Also, the slopes of the lines of best fit would then 1 approach, more closely,, the 
expected value of 1.01 

Comparison of Nicotine and ETS Particle Exposures 

ETS panicles and nicotine are generated in a reasonably consistent ratio during 
smoking. However, nicotine is predominantly in the gas phase in ETS and is known to 
diffuse and decay more rapidly than ETS particles (Eatough et al. 1987). Furthermore, 
nicotine absorbs on walls, fabrics etc, and can be subsequently released into an 
atmosphere after ETS panicles have disappeared. Therefore, at a given time, the ratio 
of nicotine to ETS panicles may be quite different from the ratio in which they were 
generated (Nelson:et al. 1992). However, in this study, a reasonably good correlation 
(R- = 0:66) was-found between levels of nicotine and ETS panicles. This; was possibly 
because the sampling period 1 was relatively long, thereby smoothing out shoner term 
fluctuations in the nicotine to ETS panicles ratio. 
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Comparison of Exposure to ETS Particles with Exposure to Panicles from All Sources 


There is no obvious reason why exposure to ETS particles should correlate with 
exposure to panicles from other sources, and the total lack of correlation (R : = 0:04) 
found in this: study is, therefore, not surprising. Clearly, measurements of panicles 
from all sources, or Respirable Suspended Panicles (RSP), should not be used to assess 
ETS exposure and it is essential to estimate the contribution ETS makes to total 
panicles. 
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CONCLUSIONS 


The results of this study indicate that, for most subjects, exposure to nicotine and ETS 
particles was elbse to, or below, the limits of detection of the methods used. These low 
exposure levels are consistent with the corresponding assessments; of exposure made by 
the subjects, and their saliva cotinine levels. The results are also consistent with other 
recent studies; of ETS exposure by personal monitoring. 

At the median level of ETS found in this study, a person would be exposed to 
approximately 1,244 mg of panicles from all sources, 17.5 mg of ETS panicles and 
4.4 mg of nicotine in a year, assuming they were exposed at this 24 hour level 
throughout the year... 

Based 1 on the median levels for the tenth decile (SolPM), the most Heavily exposed 
subjects would be exposed to approximately 1944 mg PAS, 561 mg of ETS panicles, 
and 63 mg nicotine in a year. This calculation assumes these subjects are exposed at 
this higher 24 hour level throughout the year. 

For comparison, atypical UK cigarette delivers about 12 mg of panicles and 1 mg of 
nicotine to the smoker. 

The above estimates of annual exposure to ETS are well below those obtained by 
Repace and Lowrey using a model based; on fixed-site RSP measurements in the USA. 
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Although subjects' assessments indicated that Leisure was the major source of ETS 
exposure, measurements by personal monitoring showed that, on average, the Home was 
the most important, followed by Leisure and Work. Travel was only a minor 
contributor to: ETS exposure. 


Subjects’ assessments of their ETS exposure were not a reliable guide to their measured 
exposure except when their assessment was ’none’ or ’low’. Individuals varied 
considerably in. what they considered to be ’moderate’ or ’high’ levels of ETS exposure. 

On average, subjects with a partner who smokes had about' nine times greater exposure 
to nicotine and ETS particles than those with no partner or a non-smoking partner. 
However, there was considerable overlap in the exposure of individuals between these 
groups. For example, 29% of subjects with a smoking partner were exposed' to less 
than the mean ETS panicle level of subjects with a non-smoking partner. Clearly, 
spousal smoking status would not be a reliable means to assess the ETS exposure of 
individuals or small groups of subjects. 

There was a moderate correlation between exposure to nicotine and exposure to ETS 
panicles as measured by solanesol (SolPM). As might be expected, there was a very 
poor correlation between these components of ETS and exposure to panicles from all 
sources. Overall, ETS madb a small contribution (median 2.5%) to pamiclte exposure 
and it is clear that exposure to panicles from all sources cannot be used as a reliable 
measure of ETS exposure. 
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There was a surprisingly poor correlktion between ETS nicotine exposure and saliva 
cotinine level. However, other recent studies have drawn the same conclusion and 
further work should! be undertaken to establish the reliability of saliva cotinine 
measurements as a means of assessing ETS exposure. 


There was ai greater than expected number of subjects (41) who had to be eliminated! 
from the study for suspected smoking even though they were recruited as non-smokers. 
A saliva cotinine threshold of 25 ng mL' 1 was used to distinguish between smokers and 
non-smokers. Results show that the threshold value used is not very critical, especially 
in the range 15 to 30 ng mL’ 1 . 

Saliva cotinine measurements failed to identify a further 12 subjects who admitted 
occasional smoking since recruitment. lit is, therefore, possible that other subjects who 
did not admit occasional smoking were also not identified. In total 53 subjects from an 
original 327 volunteers were identified! as having smoked since recruitment, 
corresponding to ai 1'6% misclassifieatiomrate.The rate was also significantly higher 
among men (22%) than women (11%). 

Overall, this study has shown that it is feasible to assess exposure to nicotine and 1 ETS 
panicles by personal monitoring. This method of assessing ETS exposure would be 
expected! to be more accurate than the saliva cotinine and questionnaire/lifestyle 
approaches that' are sometimes used. 
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Since the ETS exposure for most subjects was low and close to the detection limits of 
the methods used in this study, it would be advisable to improve the precision of 
measurements at the lowest levels by using a longer monitoring period in future studies, 
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Table 1 


A COMPARISON: OF THE QUANTITIES OF ETS PARTICLES WHICH CORRESPOND 
TO 1 jig OF EACH SURROGATE STANDARD AS DETERMINED 
IN' THIS STUDY AND IN A STUDY BY OGDEN ET AL 



OGDEN et al. 

This Studv 

1 ptg THBP 

8.0 fig ETS particles 

6.1 ETS particles 

(used for UVPM) 



1 fig scopoletin 
(used for FPM) 

33.6 fig ETS panicles 

22.5 fig ETS panicles 

1 ftg solanesol 
(used for SolPM) 

30.0 fig ETS panicles 

38.5 fig ETS panicles 
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Table 2 




DETECTION LIMITS OF THE ANALYTICAL METHODS USED 


PAS 

20 ng mi 3 

UVPM 

8 ng m' 3 

FPM 

4 fig m' 3 

SolPM 

4 fig m; 3 

Nicotine 

0.1 /xg m' 3 

Saliva cotinine 

0.5 ng mL' 


PAS = particles from all sources 
UVPM = ETS panicles measured by UV 
FPM = ETS panicles measured by Fluorescence 
SolPM = ETS panicles measured by Solanesol 
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Table 3 


AGE AND SEX DISTRIBUTION FOR STUDY SUBJECTS 


Age range 
(Tears;) 

Males 

Females 

Total 

21 to 29' 

54 

57 

111 

30 to 59 

26 

37 

63 

40 to 49 

16 

20 

36 

50 to 61 

12 

33 

45 

Toial 

108 

147 

255 
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Table 4 


EXCLUSION CRITERIA FOR STUDY SUBJECTS 


Reason Number 


Subjects did not keep their appointment 5 

The personal monitor pump faiiedlto run for the full 24 hours 6 

The analytical protocol was not properly followedl 14 

Smoke was deliberately blown into the monitor (Questionnaire) 6 

Subjects admitted smoking during the 24: hour monitoring period 
(Questionnaire) 7 

Subjects had a; saliva cotinine level above the threshold 

for non-smokers 34 

Total Excluded 73 
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Table 5 


NUMBERS OF SUBJECTS CLASSIFIED AS SMOKERS AS A 
FUNCTION OF SALIVA COTININE REJECTION THRESHOLD 


Cut Off Level 
(ng mL' 1 ) 

HO (Etzel, 1990) 

15 (McNeill, 1987) 
25 

30 (L ee, 1987) 

50 

100 


Subjects that would 
be rejected 1 

47 
41 
41 
37 
34 
22 : 


Source: https://www.industrydocuments.ucsf.edu/docs/ffnm0000 
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Table 6 


DISTRIBUTION OF SALIVA COTININK LEVELS ABOVE 25ng mL' 1 


Number of Subjects 

19 

2 

3 

1 

7 

7 

2 


Cotinine Range 
(ng mL 1 ) 

25 - 100 

100 - 150 

150 - 200 

200 - 300 

300 - 400 

400 - 500 

500 - 600 
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Table 7 


AGE AND SEX DISTRIBUTION OF MIS CLASSIFIED SUBJECTS 


Age range 
(Years) 

Males 

Females 

Total 

21 to 29 

21 

11 

32 

30 to 39 

6 

6 

12 

40 to 49 

5 

2 

7 

50 to 61 

1 

1 

2 

Total 

33 

20 

53 


Source: https://www.industrydocuments.ucsf.edu/docs/ffnmOOOO 
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Table 8 


A SURJECTIVE COMPARISON OF ETS EXPOSURE IN THE MONITORING PERIOD 
AND IN THE 6 MONTHS PRIOR TO MONITORING 


Subjective Assessment Number of % of Total ' 

Subjects 


Much less than normal 

25 

9.8 

Less than normal 

91 

35.7 

Fairly typical! of average exposure 

131 

51.4 

More than normal 

7 

2.7 

Much more than'normal 

1 

0.4 

Totals 

255 

100.0 


Source: https://www.industrydocuments.ucsf.edu/docs/ffnmOOOO 


2CTi’229202 



Table 9 


WEATHER CONDITIONS DURING THE STUDY 


Maximum Temperature 

16.9°C 


Minimum Temperature 

-3.2 °C 


Maximum Humidity 

96% 


Minimum Humidity 

55% 


Maximum Daily Rainfall 

10.4mm 1 


Maximum Daily Sunshine 

7.5 hours 


Minimum Windspeed 

2.1 ms' 1 ' 

(: 4 knots) 

Maximum' Windspeed 

13.4 ms' ! 

(26 knots) 


Source: https://www.industrydocuments.ucsf.edu/docs/ffnmOOOO 
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Table 10 


■SUMMARY STATISTICS FOR ALL ANALYTES AND ALL SUBJECTS 




Minimum 

Maximum 

Mean 

Median 

Number 

PAS 

(fig nr 3 ) 

20 

1219 

179 

142 

255 

UVPM 

(fig nr 3 ) 

4 

299 

31 

21 

255 

FPM 

(fig nr 3 ) 

2 

146 

16 

10 

255 

SolPM 

(fig m' 3 ) 

2 

159 

12 

2 

255 

Nicotine 

(fig nr 3 ) 

005 

26 

1.7 

0.50 

249 

Pre-cotinine 

(;ng mL' 1 ) 

0.25 

14 

1.4 

0.70 

254' 

Post-cotinine 

(ng mL' 1 ) 

0.25 

12 

1.4 

0:60 

248 


SUMMARY STATISTICS FOR SUBJECTS WITH UPPER DECILE OF ETS EXPOSURE 




Minimum 

Maximum 

Mean 

Median: 

Number 

PAS 

0*g,nr 3 ) 

89 

420 

228 

222 

25 

SolPM 

(fig m: 3 ) 

42' 

159 

72: 

64 

25 

Nicotine 

( fj.g m' 3 ) 

0:44 

26 

8.4 

7.2 

25 

Pre-cotinine 

(ng mL 1 ) 

0.25 

8.4 

2.3 

1.5 

25 

Post-cotinine 

(ng mL' 1 ) 

0.25 

12 

3.3 

2.4 

25 


Source: https://www.industrydocuments.ucsf.edu/docs/ffnmOOOO 
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Table 11 




COMPARISON OF NICOTINE AND SALIVA COTININE LEVELS 
FOUND IN THIS STUDY WITH ANOTHER RECENT STUDY 


Nicotine 
(fig nr 3 ) 


Minimum: 

Maximum 

Mean 

Median 

This Study 


0.05 

26 

1.7 

0,5 

Proctor et al. (1991) 


0 

45 

2.3' 

0 

Saliva Cotinine 
(mg mL' 1 ) 






This Study 

Pre Sample 

0.25 

14 

1.4 

0.7 

This Study 

Post Sample 

0.25 

12 

1.4! 

0.6 

Proctor et al. (1991) 

Pre Sample 

0.30 

15 

1.8 

1.2 

Proctor et al. (1991): 

Post Sample 

0 

9 

1.5 

1.1 
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Table 12 


ETS PARTICLES (SolPMl AS A PERCENTAGE OF 
PARTICLES FROM ALL SOURCES (PAS) 


Minimum 

0:2 

Maximum 

60.0 

Mean 

7.1 

Median 

2.5 
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Table 13 


SUMMARY STATISTICS OF DIRECTLY MEASURED 


ANALYTES FOR ALL SUBJECTS BY AGE AND SEX 


A®e range 

Sex 

Subjects 

Minimum! Maximum 

Mean 

Median 





Nicotine (u 

2 m h 


All ages 

Both 

255 

0.05 

26 

1.7 

0.50 


M: 

108 

0.05 

26 

2.2 

0.87 


F 

147 

0.05 

19 

1.4 

0.34 

21-29 

M 

54 

0.05 

13 

2.6 

1.62 


F 

57 

0.05 

15 

1.5 

0.47 

30-39 

M 

26 

0.05 

26 

2.0 

0:40 


F 

37 

0:05 

6 

1.3 

0:23 

40-49 

M 

16 

0.05 

11 

1.6 

0.33 


F 

20 

0.05 

19 

11.6 

0.31 

50-61 

M 

12 

0.05 

9 

1.9 

0.69 


F 

33 

0.05 

18 

1.2 

0.31! 





Pre-Cotinine (na mL'M 


All ages 

Both 

255 

0:25 

M 

1.4 

0.7 


M 

108 

0.25 

14 

1.9 

1.0 


F 

147 

0.25 

13 

1.0 

0.6 

21-29 

Mi 

54 

0.25 

14 

2.3 

1.4 


F 

57 

0.25 

8.2: 

1.1 

0:7 

30-39 

M 

26 

0.25 

13 

2.0 

0.9 


F 

37 

0.25 

13 

1.4 

0.3 

40-49 

M 

16 

0.25 

3.4 

0.9 

0.5 


F 

20 

0.25 

2.6 

0.7 

0.7 

50-61 

M 

12 

0.25 

4.4 

1.0 

0.4 


F 

33 

0.25 

4.2 

0.7 

0.3 





Post-Cotinine (ns mL' l V 


All ages 

Both 

255 

0.25 

12 

1.4 

0.6 


M 

108 

0.25 

12 

2.0 

0.7 


F 

147 

0.25 

8L1 

1.0 

0.25 

21-29 

M 

54' 

0:25 

12 

2.3 

1.3 


F 

57 

0.25 

7.5 

1.2 

0.7 

30-39 

Mi 

26 

0.25 

12 1 

2.4 

0.8 


F 

37 

0.25 

7.0 

0.9 

0.25 

40-49 

M 

16 

0.25 

7.8 

1.4 

0.25 


F 

20 

0.25 

2.4 

0.7 

0.25 

50-61 

M 

. 12 

0.25 

2.8 

0.8 

0.4 • 


F 

33 

0:25^ 

8.1 

0.9 

0.25 


Source: https://www.industrydocuments.ucsf.edu/docs/ffnmOOOO 



Table 14 


SUMMARY STATISTICS OF DIRECTLY MEASURED 
ANALYTES FOR ALL SUBJECTS BY AGE AND SEX 


Aae ranee 

Sex 

Subjects 

Minimum 1 

Maximum 

Mean 

Median 





PAS (us. 

rail 


All ages 

Both 

255 

20 

1219 

179 

142 


M 

108 

20 

1219 

169 

136 


F 

147 

30 

847 

187 

151 

21-29 

M 

54 

45 

995 

163 

129 


F 

57 

35 

420 

171! 

150' 

30-39 

M 

26 

48 

1219 

177 

126 


F 

37 

52 

539 

208 

190 

40-49' 

M 

16 

20 

524 

181 

152 


F 

20' 

45 

847 

205 

144 

50-61 

Mi 

12 

29 

286 

158 

155 


F 

33 

30 

549 

183: 

131 





SolPM (us 

; mr 3 ) 


All ages 

Both 

255 

2 

159 

12 

2 


M 

108 

2 

159 

15 

4 


F 

147 

2 

153 

11 

2 

21-29 

M 

54 

2 

97 

17 

6 


F 

57 

2 

1153': 

15 

y 

30-39 

M 

26 

2 

159 

15 

2 


F 

37 

2 

88 

HO 

2 

40i-49 

M 

16 

2 

51 

9 

2 


F 

20 

2 

78 

9 

2 

50-61 

M 

12 

2 

50 

13 

7 


F 

33 

2 

87 

5 

2 


Source: https://www.industrydocuments.ucsf.edu/docs/ffnmOOOO 





Table 15 


SUBJECTIVE ASSESSMENT OF RELATIVE CONTRIBUTIONS TO ETS EXPOSURE 
DURING THE MONITORING PERIOD AND THE PREVIOUS 6 MONTHS 

Percent Relative Contributions 

Monitoring Period 
Home 27.8 

Work 31.5 

Leisure 35.1 

Travel 5.7 


Last Six Months 
19.8 
29.4 
46.3 
4.7 


Source: https://www.industrydocuments.ucsf.edu/docs/ffnmOOOO 
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Table 17 


COMPUTED" ESTIMATES OF EXPOSURE AT HOME. WORK. LEISURE AND TRAVEL 
FOR ALL SUBJECTS WITH TOTAL SolPM > 10 ug m' ? 



Minimum 

Maximum 

Mean 

Median 

Number 



SolPM Cue 

mi} 



Home 

Oi 

107 

18 

7.2 

67 

Work 

0 

79 

8.0 

0 

67 

Leisure 

0 

151 

12 

0.2 

67 

Travel: 

0 

111 

1.2 

0 

67 

Overall 

10 

159 

39 

26 

67 



Nicotine (us m' 3 l 



Home 

0 

16 

2 .1 

0.30 

66 

Work 

0 

... 9.7 

1.0 

0 

66 

Leisure 

0 

24 

1.6 

0.03 

66 

Travel 

0: 

2.1 

0.1 

0 

66 

Overall 

0.05 

26 

4.9 

3.6 

66' 


Source: https://www.industrydocuments.ucsf.edu/docs/ffnmOOOO 
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Table 18 


DISTRIBUTION OF SUBJECTS BY SMOKING STATUS OF SPOUSE OR PARTNER 


Number in Group 


Subjects with no spouse or partner 74 

Subjects with a' non-smoking spouse or partner 133 

Subjects with a smoking spouse or partner 43 

Total all Categories 255 


Source: https://www.industrydocuments.ucsf.edu/docs/ffnmOOOO 
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Table 19 


SUMMARY EXPOSURE MEASUREMENTS FOR ALL SUBJECTS 
BY CLASSIFICATION OF SPOUSE OR PARTNER 



Minimum 

Maximum 

Mean 

Median 

Number 



PAS (us m ') 



NS Partner 

20 

995 

166 

129 

133 

SM Panner 

48 

1219 

219 

161 

48: 

No Partner 

35 

539 

178 

143 

74 

Overall 

20 

1219 

179 

142 

255 



SolPM m 0 ) 



NS Partner 

2 

159 

7 

2 

133 

SM Panner 

2 

153 

29 

17 

48 

No Panner 

2 

97 

12 

2 

74 

Overall! 

2 

159 

12 

2 

255 



Nicotine (us r 

nil 



NS Partner 

0:05 

26 

1.1 

0.28 

130 

SM Panner 

0:05 

18 

4.0 

2:5 

47 

No Panner 

0.05 

19 

1L5 

0.55 

72 

Overall 

0.05 

26 

1.7 

0.5 

249 



Pre-Cotinine Cns 

mL' 1 ) 



NS Panner 

0.25 

8.2 

0.83 

0.25 

132 

SM Panner 

0.25 

113 

2.3 

1.4 

48 

No Panner 

0.25 

14 

1.8 

1.0: 

74 

Overall 

0.25 

14! 

li.4; 

0.7 

254 



Post-Cotinine fins 

mL' 1 ): 



NS Panner 

0.25 

112 

0.99 

0,25 

128 

SM Panner 

0.25 

8.1 

2.2 

li.5 

47 

No Panner 

0.25 

12 

1.7 

0.6 

73 

Overall 

0.25 

12 

1.4 

0.6 

248 


NS = non-smoking spouse or partner 
SM' = smoking spouse or panner 


Source: https://www.industrydocuments.ucsf.edu/docs/ffnmOOOO 
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SUMMARY EXPOSURE MEASUREMENTS FOR WOMEN 


BY CLASSIFICATION OF SPOUSE OR PARTNER 


Minimum Maximum Mean Median Number 


PAS (ug m°) 


MS: Partner 

30 

847 175 

128 

80 

SM Partner 

89 

497 219 

166 

26 

No Partner 

35 

539 192 

153 

41 



SolPM (us nr 3 ) 



NS Partner 

2 

87 5 

2 

80 

SM Partner 

2 

153 28 

IT 

26 

No'Partner 

2 

88 10 

2 

4!1. 



Nicotine (u° m'h 




NS Fanner 

0:05 

HI 

O 

bo 

N-» 

0.23 

78: 

SM Fanner 

0.05 

19 

3.4 • 

1.5 

26 

No Panner 

0.05 

19 

1.3 

0.35 

40' 



Pre-Cotinine (ns 

mL' 1 ) 



NS: Panner 

0.25 

8.2 

0:79 

0.25 

80 

SM Panner 

0.25 

13 

1.8 

1.3 

26 

No Panner 

0.25 

8:4 

1.0 

0.70 

41 



Post-Cotinine (ns mL'h 



NS Panner 

0.25 

7.5 

0.93 

0:25 

76 

SM Panner 

0.25 

8.1 

1.3 

o:90 

25 

No Panner 

0.25 

7.0: 

0.92 

0.25 

41 


NS = non-smoking spouse or partner 
SMi = smoking spouse or partner 


Source: https://www.industrydocuments.ucsf.edu/docs/ffnmOOOO 
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Figure 2 


SUBJECTIVE ASSESSMENT OF 24 HOUR ETS EXPOSURE 
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Source: https://www.industrydocuments.ucsf.edu/docs/ffnmOOOO 
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Figure 3 


DISTRIBUTION OF SolPM and NICOTINE. RESULTS 



Source: https://www.industrydocuments.ucsf.edu/docs/ffnmOOOO 
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Figure 5 

SURJECTIVE ASSESSMENT OF 24 HOUR ETS EXPOSURE 


BY CLASSIFICATION OF SPOUSE OR PARTNER 



Source: https://www.industrydocumerits.ucsf.edu/docs/ffnmOOOO 

































Figure 7 

COMPARISON OF SolPM and NICOTINE RESULTS 


WITH SUBJECTIVE ASSESSMENT OF ETS EXPOSURE 



Source: https://www.industrydocuments.ucsf.edu/docs/ffnmOOOO 
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Figure 8 

COMPARISON OF COTININE RESULTS 


WITH SUBJECTIVE ASSESSMENT OFETS EXPOSURE 



Source: https://www.industrydocuments.ucsf.edu/docs/ffnmOOOO 
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Figure 9 

CORRELATION OF SolPM RESULTS WITH UVPM and FPM 
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Source: https://www.industrydocuments.ucsf.edu/docs/ffnmOOOO 
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CORRELATION OF SolPM RESULTS WITH UVPM and FPM 



Source: https://www.industrydocuments.ucsf.edu/docs/ffnmOOOO 






















SECTION 3 



MONITORING IN REAL LIFE SITUATIONS 


Source: https://www.industrydocuments.ucsf.edu/docs/ffnmOOOO 
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Concentrations of Nicotine, RSP, CO and COa 
in Nonsmoking Areas of Offices Ventilated by Air 
Recirculated from Smoking Designated Areas 

TiD. STERLING* tadIH MUELLER* 

*facuity of App—d Sdeacas. Siaoa Fnscr Uawsay. —ratby. R.C VJA IS* Can*—: 
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jtmieus^oll) wort aoasartd ooiag aa ap tfct l tide e catt a rt d g laetrnmeat CO wasa m ailkya dfrat r oa<a g i l i rtrnrk Ml ni aaaij aa aad 
COt ky ealodaotHo dotoctf itakoa* Detection of afaottae la aoaoaakia g office araaa —tiwHad rari m —tcdah fr om im aklf dalg i a Ud 
araaa nq drid n a y —g daaa of 4 hr or mar*. Nicotine Imb la — office* were appeal—atety U ng/m*. ESP. CO and COa 
c o n ce u frad ona wcc eapproai—lyito —la th e ecofficm aa compared So no—satin g office* nol expo a nd tor oe Ir o a —ad air fro m uno — g 
area*. Prorldtag a diaigaoud kot not aeyotauly rent-led smoking area appcawla toaflectirt ta e——ting adaaoy—of RTS from 
aoaamnklag office work araaa. 


latrodwctkw 

A number of municipalities (San Francisco and Vancouver 
being leading examples) have passed bylaws to regulate 
smoking in public buildings. In principle these bylaws apply 
to public buildinp and places of employment and establish a 
norm of mo smoking except in smoking areas designated by 
tbc employer or proprietor. The Canadian and American 
Federal Govern menu are preparing to develop approaches 
to regulate smoking in workplaces under federal jurisdk* 
tion. Provincial and state governments arc making similar 
preparations. 

Four options are available to regulate office smoking; 

1. Prohibiting smoking outright; 

2. restricting smoking to designated areas that are vents- 
latcd separately; 

1 restricting smoking to designated anas that art not 
ventilated separately; and 

4. providing some framework by which an adjustment 
between smoking and nonsmoking workers may be 
achieved without directly regulating the placement of 
smokers. 

The third option, that of providing* designated but not 
ttpanttly ventilated smoking area, appears to be the most 
frequently adopted procedure. A certain proportion of a 
fculdingV population will demand a location where they 
**> be allowed to smoke (for example, employees on their 
eoffee and lunch breaks, members of the public waiting for 
a * nr iccsi or persons who are residents of the building—suck 
u *• prisons or hospitals.) Govcmmenu and the private 
****— own, operate and rent a wide variety of different 


-'*•*01 


buildings, however, most of these buildinp do not offer 
separate ventilation for different locations. To provide 
separata ventilation would not only be costly In many * 
instances but very often physically impossible. Thus, the lean 
disruptive and costly solution for many buildings appears Id 
be the setting aside of designated but not separately vent)* ,■ 
la ted smoking areas. ’■ 

A question of considerable interest U the extent to which ? 
designated but not separately ventilated smoking areas are ' 
effective in decreasing exposure to environmental tobaeeo '* 
smoke (ETS) in nonsmoking areas. This protect was designed, 
to provide some information on that question. 

The authors report here the outcome of a series of men- 
sure menu of nicotine, respirable suspended particles (RSP). * 
carbon monoxide (CO) and carbon dioxide (COb) obtained . 
in the following locations: i ;• 

1) two cafeterias, each having smoking u4 t 

infarcts; . 

2) four nonsmoking floors which received air* 
latcd from a vent Ration system common loopaofthe 
cafeterias; and 

)) two nonsmoking offices whh Independent ventOarion 
systems which, therefore, did not reedye air 
laud from d es ig n a t ed smoking areas. ^^djeST'*’ 














Mfthods 

Air sampling for nicotine, RSP. CO nnd CO» M I — 
vation of the number of office occupants* pceaeaT 
cigarettes smoked was un d er t aken to two adjffyt 
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Source: https://www.industrydocuments.ucsf.edu/docs/ffnmOOOO 










St*** 

Tabk 1 summarizes measurements for RSP. CO. CO*, nico- 
luac; average number of person per 10 «*; and average 
number of cigarettes smoked par bow per 10 m* (where 
applicable). fieesute of the large variability and suspected 
skew of measures, means, medians and ranges are given. 
Measurements in the cafeteria smoking areas each are based 
on 6 samples as are measurements in the cafeteria nonsmok¬ 
ing areas. Because there were no perceptible differences 
between cafeterias in Building* A and & both for smoking 
and nonsmoking areas, their data have been merged. Mea¬ 
surements in nonsmoking office areas in Building A arc 
based on I samples, and measurements in nonsmoking areas 
in Building ; B are based on 2 samples. 

There were significantly more persons per unit area in the 
cafeterias than in the nonsmoking office*. The numbers of 
individuals per ID m* in smoking and nonsmoking areas of 
cafeterias, however, were approximately the same. As might 
be expected, both CO and CO* levels were higher in the 
smoking Khan nonsmoking areas of the cafeterias. This also 
was true for RSP*. Nicotine levels averaged 14.0*g/m a ia 
the smoking area »ad i.2 pg/m* in the nonsmoking area of 
the cafeterias. The drop in RSPs and nicotine from smoking 
to nonsmoking anas of the cafeterias It quite steep and 
attests to the rapid dilution of ETS. 

Contributions to RSP. CO and CO* that are caused by 
smoking in the designated smoking area are diluted further 
in the recirculated air. This dilution can be seen from a 
comparison of measurements in the office areas of Building 
A with Building B. Concentrations of RSP. CO and CO* in 
Building Alt nonsmoking areas, which received recirculated 
air from the smoking :areaj art approximately the same as 
those measurements uken in Building B. which did not 
receive any such recirculated air (also sec Table 11). Of 
special interest arc measurements of nicotine. It is important 
to keep in mind that the detection of nicotine in air, in the 


TABU I 

Comparison of iTi Related Air Oualtty Parameter* In NonomotdOf 
Worit Areas and Designated Smoking Arses 


CO. 






diluu quantities io which it may be present, requires a 
lengthy sampling procedure. As the c on c e ntra t ion of nico¬ 
tine in aw decreases, larger air samples must bt obtained to 

detect that concentration. Far the method mad here, a 2*hr 
sampkat I L/ain would detect nicotine conceatratioos 
greater thanO.0 jig/m 1 . Of 4 samples ukea for 2 breach, not 
a singk sample detected 4 concentration above 0J pg/ m*. 
For a 4-hr umpk st I L/min, the lower level of detection k 
0.4 nu m\ At that level, | positive a^vrion at a concentra¬ 
tion of 1.0 ^g/ m’ was made in 1 out *3 samples. For the I 
sample ukea for t hr, the lower level of detection was 0.2 
Mg/ m*. That sampk measured a concentration of 0.1 pgy m # 
(findings summarized in Tabk II). 

Dbomka 

Studies of office air quality have demonstrated that signifi¬ 
cant reductions in ETS related RSP may be achieved in 
nonsmoking areas when smoking k limited to defied 
areas that are not ventilated separately" The extent of 
involuntary exposure to ETS. however, best may he estab¬ 
lished quantitative^ when nkodne is used 4s the marker:* It 
has been suggested* thaudvanccs in measurement technol¬ 
ogy may provide grounds for reliance on nicotine as a gen¬ 
eral indicator of ETS. Other components of ETS maybe Icm 
useful for developing an ETS exposure index. ETS compo¬ 
nent* art complex and variabk and alio indude many con¬ 
stituents similar to those emitted from other sources* 


•The observation mat nfeotMw in sWeetream smoke Is maMy In the 
vapor phaaowWHo In moln ai re am smoke X Haws In me portkutoto 
(deposit} phase pesos no obstacle to mouMotalcoOne asafiMni 
of rr» MUtradoa boeouM buifcttne occupants are not mpotort lo 
mlnetreamtmoteeunleeettWyactlvetydos w» oko.T>ionlc«tiiwcoo- 
ceotratloft oOUIned from sampaftjtfte air Ksr*pre*eoliiWs*—p4 
o4 am Went STS Inhaled by nonemofcera. 
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Source: https://www.industrydocuments.ucsf.edu/docs/ffnmOOOO 









R, Perry, J* N. Lester, Mi Hunter, P. W. W. Kirk, and S.-Q. Baek 


Summary 

An extensive 30-week survey of environmental tobacco smoke has been undertaken in 
Great Britain. The survey consisted of over 2,900 sampling operations according to a 
scheme which covered a range of situations to which the public are exposed during their 
travel and leisure as well as at home and work. Sampling took account of population 
distribution as well as geographical and seasonal effects. 

Three coraponenU of tobacco smoke-particulate matter as measured by Minirams, 
carbon monoxide and nicotine - have been determined in smoking and non-smoking 
situations* whilst the reported presence or absence of smoking within 2h prior to 
sampling was used to distinguish between non-smoking and Smoking environments. The 
survey was structured around 30 min sampling periods, using unobstrusive, portable 
sampling equipment capable of detecting each of the three components at less than 5% of 
t their individual (occupational exposure limit (OEL) is the UK recognized workplace 

safety level). 

Overall mean Miniram particulate matter was 0 M mg m~ 3 , with a smoking location 
mean of 0.81 mg nT 3 and a non-smoking mean of 0.31 mg nT 3 . TheM results, as 
determined by the Miniram light scattering device arc, however* known to be an 
overestimate when compared to methods based on the measurement of paniculate 
mass, such as the Piezobalance. Subsequent studies in a variety of locations have shown 
the Mimram to over-estimate by at Ifcast a factor of 2.5 in the presence of tobacco 
smoke. 

The overall mean carbon monoxide level was 14ppo with a mean of 2.7 ppm in 
smoking locations and 11 ppm in non-smoking locations. With the limitations of the 
carbon monoxide monitors, this difference is not thought to be significant. 

In calculating the mean results for nicotine, a value of 6.8 pg m“ 3 (Le. half the limit of 
detection) was assumed whenever the nicotine level was below the limnit of detection. 
This has almost certainly led to an over-estimation of nicotine, particularly in non¬ 
smoking situations, where nicotine was rarely detected. Applying this factor the mean 
overall nicotine concentration was 14pg nT 1 with a mean of 21 pg m“ 3 in smoking 
locations and 8 pg m“ 3 in non-smoking locations. No nicotine concentrations exceed the 
OEL set at 500p m* 3 and 95% of all readings were below 10% of the OEL. 


Considerable effort has been expended over the last 15 yean attempting to control 
emissions of air pollutants into the atmosphere from sources such as power stations, 
factories and automobiles [1]4 More recently, increasing public awareness has prompted 
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There are many sources of indoor pollutants (both gaseous and particulate) including 
the use of gas stoves and fires, coal, coke, and wood fires, house plants, cooking, cleaning, 
painting, and the adoption of a variety of household and office products including 
cleaning agents, glties, correction fluids, plastics and varnishes [3* 4]. In addition, the 
simple act of movement resuspend* particulate matter [5] whilst building materials and 
furnishings, especially when new, may release a variety of organic materials into the 
indbor atmosphere [6J1 Release of formaldehyde from cavity wail insulation; furniture 
and fabrics are all examples of such indoor air pollutants and are of considerable public 
concern. 

Specific interest has been directed towards pollutants associated with emissions from 
gas cooking and other problems such as radon build up, "sick-budding" syndrome and 
environmental tobacco smoke (ETS) [11 7J. Probably the most emotive issue is that of 
ETS, largely with respect to considerations of irritation and discomfort, but more 
especially in the light of recent epidemiological studies alleging risks to the health of the 
exposed non-smoker* 

The contribution ETS components make to the indoor air environment is difficult to 
quantify for a number of reasons. Environmental tobacco smoke has not yet been 
sufficiently characterized such that its nature can be dearly defined. The concentration of 
any individual ETS compound or group of compounds in an enclosed space is dependent 
upon its generation rate from the tobacco, the source consumption rate, ventilation, the 
concentration of the constituent in the incoming ventilation air, dimensions of the room, 
the degree of mixing, the rate of removal by adsorption or chemical transformation and 
the effectiveness of any air cleaning devices such as air conditioning systems [ft]. 

One major problem when attempting to define the contribution of ETS to air quality 
is that in real life situations ETS normally exists in association with a complex mixture of 
air contaminants from other sources, particularly those from other combustion sources 
[ 1 ]. Indeed, these may not necessarily originate from indoor situations. Pollutants such as 
carbon monoxide for example, readily pass from the outdoor to the indoor environment 
without significant change in concentration [9). However, indoor pollutants can give rise 
to high local co n ce n trations, but are greatly diluted on passing to the outdoor 
environment In contrast, reactive gases such as ozone and sulphur dioxide are rapidly 
removed in the indoor environment end levels art normally only a fraction of those 
commonly encountered outdoors [10], thereby indicating the complex relationship 
between indoor and outdoor air. 

To date the major short-fail of studies examining ETS in the failure to adequately 
quantify the actual ETS dose received by the non-smoker. Environmental Tobacco 
Smoke is a complex and greatly diluted mixture of sidestream (commonly defined as the 
smoke which issues from the product between puffs), moutbspill (smoke released from 
the mouth before inhalation) and exhaled smoke, the p roportion s of which will vary 
depending on the smoking behaviour of the individual smokers. In realistic circum¬ 
stances ambient concentrations depend on sidestream smoke and the exhaled main¬ 
stream smoke [11,12]. In order to quantify ETS components therefore, any co mponent 
determined should ideally be unique to tobacco smoke, present in sufficient quantity to 
be easily detectable, similar in emission rate for a variety of tobacco products and be 
present in a fairly consistent ratio to other smoke components of interest [9). 
Furthermore, it b apparent that in order to evaluate the contribution of tobacco smoke 
to indoor air quality, non-smoking as well as smoking situations need to be studied under 
as wide a variety of actual conditions u possible. 
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to assess indoor air quality in home, work, leisure and travel situations; 
to evaluate the ETS components of indoor air. 
to compare smoking and nonsmoking environments. 


Materials and Methods 

Markers for ETS 

Three main components of tobacco smoke were identified as markers within the study, 
namely, nicotine, carbon monoxide and Miniram particulhte matter (TPM)j 

Nicotine fulfils most of the criteria for a suitable mar ker being a major component of 4 
and almost exclusive to, tobacco smoke and also is detectable in small quantities of air at 
low concentrations [11,13,14]. Moreover, nicotine has been measured in the majority of 
existing studies [IJ. 

Carbon monoxide is a commonly measured constituent of indoor tobacco smoke in 
field surveys since it is a major component of cigarette smoke and is relatively easy to 
measure, although there are many other sources of indoor carbon monoxide besides 
tobacco smoke [9,11,16]. 

Total suspended particulate matter can be defined as particles (generally <15 pm) 
suspended in the atmosphere, as collected for subsequent gravimetric determination. An 
alternative generalised measurement of particulates utilizing a light scattering technique 
was used and subsequently calibrated against piezobalance and gravimetric methods. 


Survey Design 

A 30-week field survey was designed to study four types of indoor environment; 
workplaces (W), homes (H), leisure (L) and travel (T). Monitoring was eventljr 
distributed between each type and performed by an independent research laboratory 
(Hazleton Laboratories UK Ltd., UK). The study was designed to evaluate a total of 30 
locations representing a wide variety of exposures throughout the United Kingdom 
which were considered in three major regions according to population density (Table 1). 

These figures were derived from recent statistics [17], by a market research group 
(MAS Survey Research Ltd., UK) to represent the geographical regions, urban and social 
status of the UK. 

Homes were randbmiy selected after reclassification by local authority area according 
to these criteria. Work situations were randomly selected within each classification 
according to type and size (number of emptbyees) of business to reflect any particular 
location based on a quota system. Leisure and travel situations were identified and 
arranged around work and home samples to maintain flexibility. 

A balance of timing with respect to days of the week, start times, and times of the year 
was arranged so as to cover the spectrum of normal life exposure (Fig. 1). The study was 
divided into three 10-week-periods, each area being sampled completely over any 10- 
week-period. Each operative subsequently routed to a dif fe rent area during the 
following ID-week-period. A suggered pattern of start times and days enabled extended 
coverage of time of day and days of the week. These wen reprated by succeeding 
o pera t iv es. 


. • j' * i s?* 




09Tl’229202 



Area 

No. 

Location 

Population 

% 

Total 

regions 

Conur¬ 

bations 

Large 

urban 

Small urban/rural 

H* L fc 

1 

South East 

30 

9 

4 

1 

3 

1 

2: 

South Wat* 

Wales, Midlands, 
East Anglia 

34 

10 

t 

2 

3 

4 

3 

North, Yorkshire, 
Humberside, 

North West, 
Scotland 

36 

11 

6 

2 

1! 

2 


* H - high density 

* L - low density 


Time 
-9000 
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-noo 
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Fig. 1. Typical operative work schedule during any 10-week-period. H: boost call; B: bustaen call; 
7; travel call; L leisure call; * Residual T A 1 performed where poeribk after arrival at new locality 


Equipment Selection and Analytical Procedures 


The equipment used was potable* robust end discretely operable, being reliable and 
precise. Four integrated kits were assembled and tested in field trials prior to the study. 
Each kit consisted of a carbon monoxide dosimeter (General Electric 15 ECCIC02; 
MDA Scientific, UK), a Minima PDM-3 particulate dosimeter (GCA Corp., US AX a 
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temperature probe and an electrical event marker interfaced to a data logger. Air flbw 
through CO and TPM dosimeters during sampling was maintained at rates of 0.006 m 3 
IT 1 and 0.015 m? h" 1 respectively using two Alpha pumps (DuPont Ltd, USA) illustrated 
in Fig. Z 

Each sampling event lasted for a period of 30mim CO, TPM and temperature 
readings being logged every 2 min. Concurrently, nicotine samples were obtained by 
adsorption onto 200 mg of Tennax TA adsorbent (Chromopak, UK) contained in open 
ended steel tubes which were placed on the CO line. Readings of relative humidity were 
recorded manually along with relevant site details in the operators diary. Nicotine 
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’*5FS>til of 5% of samples were validated in the field by Imperial College staff in 
parallel with Hazleton field operatives* Instrument cross checks were also performed 
with all kits between each 10- week-work -period; 

Miniram TPM dosimeters were retrospectively subject to a separate calibration 
exercise in comparison with piezobalance and gravimetric methods. 


Results 


Summary data for the complete 30-week-study is given in Table 2 along with 
corresponding percentile values. In each table a smoking sara pie is one in which smoking 
is known to have taken place during sampling or within the 2 h prior to sampling. 

Carbon monoxide had an overall mean concentration of 14 ppm for some 2,657 
measurements throughout the survey. In smoking situations the mean carbon monoxide 
level was 17 ppm (416% of samples) and in non-smoking situations it was 11 ppm. In 
95% of cases where smoking was taking place, carbon monoxide concentrations were leu 
than 7.2 ppm compared with 5.9 ppm in non-smoking situations (Table 2% The 
distribution of CO values indicated the relatively high proportion of readings within the 
ranges 0*2 and 2-4 ppm (Fig. 3). Similarly mean CO values observed in each activity 
confirmed these low levels, travel locations having greatest means at 19 ppm and 17 jppm 
for smoldng and non-smoking situations respectively (Fig. 3). However, differences 
between these situations remained small regardless of activity or smoking status. 

When comparing the difference in particulate levels between smoking and non¬ 
smoking situations the values quoted should be assessed with caution due to the likely 
over-estimation of the Miniram for particulate levels in mixtures of ETS and particulates 
from other sources. Indeed, comparative assessments of Miniram TPM, piezobalance 
and gravimetric methods revealed overall overestimates of 15 over piezobalance data 
and 10 over gravimetric data. These also varied according to smoking status. The mean 
overall Minima TPM reading determined from 2S01 readings was 0.56 mg m~\ In places 
where smoldng occurred a mean of 0.81 mg was found whereas a mean of 0.31 mg 
m~ 3 occurred where no smoking was recorded Smoking and non-smoking related 
uncorrected Miniram TPM values in 95% of all cases were leu than 142and 0.88 mg nT* 
respectively. A similar distribution of data was observed with low numbers of high 
readings although this was leu marked in smoldng situations (Fig. 3). The highest mean 
TPM values were observed in smoking locations particularly in leisure areas with a value 
of 0.91 mg m“ 3 and in travel locations with a mean of 0.79 mg m~ 3 (Fig. 3). 

Of the 2912 sites sampled for nicotine, 49.6% represented smoldng situations. Acrou 
these samples the mean nicotine concentration was 14pg m" 3 (median N.D.) compared 
with 21 pg nT 3 in smoking locations only and non-detectable in non-smoking situations 
(Table 2), their distribution is shown in Fig. 3. 

Nicotine was not detected in 77.5% of all samples taken. Concentrations found were 
leu than 49.8 pg nT 3 in 95% of all samples whereas in smoking situations 95 % were below 
74 pg nT 1 . Where no smoking occurred within 2 h of sampling, 95% of samples were below 
16pgnT 3 , and mooting exposure was consistently very low acmes aO activities. Where 
smoldng occurred travel and leisure activities appeared to be associated with highest 
nicotine readinp,'mean nicotine values being 24 and 22 pg ra" 3 respectively (Fig. 3). 

Nicotine, carbon monoxide and miniram TPM samples recorded during the 5% 
validation programme, initially randomly chosen and subsequently selected, were 


Source: https:// 




lrhOQOO 


2026224163 




TaMe 2. Summary and percentiles for 30-week-study 


Activity 


Temp. 

•c 

R.H 

CO (PPM) 


TPM (MG/MJ)* 


Nicotine (t)G/MJ)*r 

1 

SM(T) 

SM(Y) 

SM(N) 

SM ( T ) 

SM(Y> 

SM ( N ) 

SM(T) 

SM(Y) 

SM(N)fl 

Travel 

mean 

20 

44 

28 

2.9 

2.7 

0.62 

0.79 

0.42 

17 

24 

7 1 


sd 

5 

8 

2.8 

2.5 

3.1 

0.64 

0.75 

0.36 

31 

40 

4 * 


min 

1 

22 

00 

00 

0.0 

0.00 

0.00 

0.07 

7 

7 

7 } 


max 

34 

75 

17.4 

13 1 

17.4 

4.98 

4.98 

1.83 

4(4 

414 

42 1 


data 

545 

308 

518 

283 

235 

538 

297 

241 

564 

313 

251 i 

Work 

mean 

20 

45 

2.1 

2.2 

2.1 

0.41 

0.61 

0.31 

to 

14 

9 'i 


id 

4 

9 

2.7 

3.3 

2.4 

0.42 

0.59 

0.26 

12 

18 

7 1 


min 

8 

23 

0.0 

GO 

0,0 

0.00 

0.07 

0.00 

7 

7 

7 1 

1 a 


max 

30 

75 

31.9 

31.9 

21.9 

5.78 

5.78 

2.20 

167 

167 

99 \ 


data 

723 

721 

671 

221 

450 

704 

224 

480 

733 

238 

495 1 

Home 

mean 

20 

46 

1.9 

2.3 

1.8 

0.36 

0.70 

0,27 

10 

19 

8 :| 


•d 

3 

9 

2.3 

2.9 

2.1 

0.36 

0.52 

0.23 

17 

33 

6 * 


min 

10 

5 

0.0 

0.0 

0.0 

0.00 

0.07 

0.00 

7 

7 

? i 


max 

30 

71 

26.2 

26.2 

25.4 

3.15 

3.15 

2.05 

292 

292 

82 1 


data 

766 

763 

688 

139 

549 

748 

156 

592 

774 

162 

612 \ 

Leisure 

mean 

20 

45 

2.7 

2.8 

2.2 

0.84 

0.91 

0.33 

20 

22 

8 

i 

sd 

3 

8 

2.7 

2.7 

26 

0.82 

0.85 

0.26 

29 

31 

6 


min 

8 

17 

0.0 

0.0 

0.0 

0.07 

0.07 

0.07 

7 

7 

7 


max 

32 

75 

28.7 

28,7 

18.9 

6.22 

6.22 

1.24 

450 

450 

66 


data 

819 

578 

780 

676 

104 

811 

703 

108 

841 

729 

112 

Total 

mean 

20 

45 

2.4 

2.7 

2.1 

0.56 

0.81 

0.31 

14 

21 

8 


sd 

4 

9 

2.7 

2.8 

2.5 

0.63 

0.77 

0.27 

24 

32 

6 


min 

1 

5 

0.0 

0.0 

0.0 

0.00 

0.00 

0.00 

7 

7 

7 


max 

34 

75 

31.9 

31.9 

25.4 

6.22 

6.22 

2.20 

450 

450 

99 


data 

2,853 

2,370 

2,657 

1.319 

1,338 

2,801 

1,380 

1,421 

2,912 

1,442 

1,470 


Note •: Particulate matter measured by miniram 

Nicotine data below detection limit included as 6.8 UG/M3 


Source: https://www.industrydocuments.ucsf.edu/docs/ffnmOOOO 







Minimum 
01% value 
05% value 
10% value 
25% value 
50% value 
75% value 
t0% value 
90% value 
95% value 
99% value 
Maximum 

No of data 


* Note; 77.5% of data u below detection limit 


SM(T) 

SM(Y) 

SM(N) 

00 

0.0 

00 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.5 

08 

0.3 

1.9 

2.1 

1.6 

3.4 

3.8 

3 1 

3.9 

4.2 

3.5 

5.1 

5.6 

4.5 

6.5 

7.2 

5.9 

11.5 

12.6 

11.5 

31.9 

31.9 

25.4 

2,657 

1.319 

1,338 
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JS0995F* (p » 0.05) 

for any parameter. Of the manually 
i were t-tated, only tempera* 
tuie readings were found to be significantly different (p *0.05% However, the difference 
(0.7 # C) was negligible, subsequent tests performed in the laboratory confirmed the kits to 
be within O.I # C of each other. Cross checks involving ail kits between 10*week-periods 
also revealed no significant differences (p = 0.05) between paired nicotine, carbon 
monoxide and miniram TPM data. 




Discussion 

Several authors have previously indicated the inherent difficulty associated with the 
assessment of human exposure to ETS as a consequence of the number of variables 
involved [11,15% Apart from human behaviour and environmental factors, experimental 
design and analytical considerations are also important In this study reported values are 
based on arithmetic means of large numbers of individual results and hence may reflect 
any imbalance that exists in the number of observations in each sampling category. The 
incidence of smoking and non-smoking samples within each category and activity may 
not reflect die "natural" relative incidence. Therefore an average exposure to ETS in all 
situations over both smoking and non-smoking samples require certain assumptions to 
be made prior to evaluation. 

In terms of the survey as a whole the sampling locations within each activity were 
selected at random and therefore the relative incidence of smoking to aoa-smolring 
situations should reflect the "natural" incidence due to the large number of data points. 
Overall 49.5% of all locations were smoking samples. As one examines the sampling 
locations within each activity in more detail, however, the incidence of smoking to non¬ 
smoking may not reflect the "natural* in c i d e nc e. For example, assessing the exposure to 
ETS in a bus in all situations is difficult since smoking occurred during or prior to 75% of 
the samples (n * 113% Over all travel locations, however, smoking had occurred in 56% 
of all samples (a * 537) a proportion which is more likely to be representative. Care must 
therefore be exercised when examining the data in detaiL 

No ambient air quality standard exists for nicotine in air in the United Kingdom but 
an OEL of 500pg nT } has been set by the Health and Safety Executive for long term 
industrial exposure in terms of an I hour time weighted average Of all the locations 
sampled in this study, 05% were less than 10% of this OEL, furthermore, the overall 
respective non-smoking and smoking nicotine means of 8 and 21 pg nT 1 , were regarded 
as higher than anticipated in reality. These high mean values were attributable to non- 
detected nicotine readings, in non-smoking and smoking environments, being recorded 
as 6.8 pg nT* accounting for a reasonable distribution of data below the 13.6pg m~* 
detection limit 

The mean overall nicotine value of t4pg nT 1 was lower than that observed by 
Maramatsu et al. [11] who found a mean nicotine concentration of 20.3 pg nT 3 (max 
83 iq o' J f n * 91) in various work, leisure and travel locations. However, Sterling et at 
[1] in a summary of 230 studies undertaken in buildings in the United States reported a 
median nicotine concentration of 8.5 pg nT* where smoking was permitted. Similarly, 
nicotine values associated with different activities are compatible with previous 
findings. For example, mean nicotine conce n t r ations in offices of 19pg nT 5 , with 
maximum of 48 pg nT 1 from 10 samples and in railway workshops of 5.1 pg m~Y 
maximum 41 pg nT 3 from 14 samples, have been measured [14% An early study had 




fcafcaweee* ■ 


2026224169 






suggested a mean nicotine concentration of U pg nf 1 foe 160 samples with a maximum 
^^of I6uf • 

v ' Occupational Exposure limits to carbon monoxide in the United Kingdom are 
50 ppm as an 8 h time weighted average for long term exposure and 400 ppm is a 10 min 
time weighted average for short term exposure [16J. in this study carbon monoxide values 
were relatively low throughout and no individual 30 min mean carbon monoxide 
concentration exceeded the OEL of 50 ppm, and 95% of all locations were below 14% of 
this OIL* In 95% of cases where smoking was taking place, carbon monoxide 
concentrations were less than 7.2 ppm compared to 5-9 ppm in no smoking situations and 
the distribution dau would indicate significant contributions from other combustion 
sources at the higher levels of carbon monoxide* Sisovic and Fugas [9] suggested that, 
during summer months, indoor carbon dioxide levels in shops can be significantly 
affected by proximity and density of traffic. 

Particulates were detennined by light scattering methods which must be related to 
standard gravimetric or piezobalance measurements due to difficulties in Mininm 
calibration related to particle sine and particulate colour. Despite such calibration 
considerations the Miniram was the only instrument capable of the field monitoring 
required in this survey due to its portability, robust nature and logging capability. 
Comparative assessment of particulates were consistent with the findings of Rawbone et 
aL [201 who suggested a reduction factor of 25 for Miniram readings. Assuming a 
correction fiwtor of 2.5, ah partkulau co nce n trations in the survey were below the QEL 
of5,000pgm 7, setfor*mpirabledust“[2iJ. Furthermore, 95% of all samples would be 
(ess than 14% of the OEL and 95%ofall smoking samptei would be less than 19% of the 
OEL. The findings observed compare favourably with other studies when the correction 
factor is applied. Typical values for particulates in indoor air have been reported to range 
between non-detecubk levels and 700 pg m~*in the United States with a median value of 
37 pg taT 3 [1]. In a comparison of sampling methods for respirable suspended 
particulates (<35pm) undertaken by the Reynolds Tobacco Company, Conner et aL 
[22] reported gravimetric particulate data up to 306pg taF 3 in a restaurant where 
smoking vu taking place. 


SwBunary and Condurioa* 

- An extensive 30-week-survey of indoor air quality in the UK has been undertaken. 

- Travel, w ork , home and leisure activities were evaluated approximately 3,000 timet. 

- Components of ETS monitored werr. CO, Miniram particulate matter and nicotine in 
smoking and non-smoking situations. 

- Ventilation and building design can affect ETS. 

- TPM was significantly higher in smoking versus non-smoking situations although 
both are consistently less when determined by piezobalance and gravimetric methods: 

- CO readings were ah background level and significantly less than outdoor air. Fifty 
p er cen t were below 2 ppm in smoking and oon-smoking situations. 

- More than 50% nicotine values in smoking and 90% in non-smokiiig environments 
were below the 14 pg nT J detection limit, 775% overalL 

• Travel and leisure ETS exposures were consistently higher than home and work 
exposures. 

• Home and work exposures to nicotine, 5% or less than UK long term occupational 
exposure limits (OELX whereas travel and leisure wVN within 10% of UK OEL of 
500 pgm^. 
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In order to provide information on levels of environmental'tobacco smoke (ETS) in office 
environments during 1989. a total I of 585 offices was sampled for a number of factors, including 
respirable suspended particles (RSP), nicotine, carbon monoxidt, carbon dioxide, room size, 
average number of room occupants, and number of cigarettes consumed. Each data set was 
collected lover a one-hour sampling period. Discriminant analysis of the data collected showed a 
group of rooms used for light smoking (59:9% of total smoking rooms) was not significantly 
different from ithe nonsmoking rooms, in terms of the variables which contributed to the predictive 
ability of the model (RSP and nicotine); These light-smoking rooms overlapped somewhat with 
the heavy-smoking rooms, suggesting other variablfcs not measured here might contribute to this 
model, such as air change rates or outside air intake volumes. This leads to the possibility that a 
range of smoker densities could! be established inside which indoor air quality will not be 
significantly affected, thus reflecting the American Society of Heating. Refrigerating and Air 
Conditioning Engineers (ASHRAE) Standard 62-89, which shows that with good ventilation 
acceptable air quality can be maintained with moderate amounts of smoking. Statistical analysis 
also showed overall levels of ETS in offices to be considerably lower than estimated in work 
ten years previously, and that carbon monoxide is only weakly influenced by smoking activity, 
Carbon dioxide measurements taken in each room did not correlate significantly with RSP, 
nicotine, or carbon monoxide, and there were significant relationships between smoker density* 
RSP, and I nicotine, respectively: 


INTRODUCTION 

Given the present-day concerns in the U.S. society 
about exposure to environmental tobacco smoke 
(ETS), it is important that measurements used to 
assess exposure to this substance are representative 


of conditions existing in modern office environ¬ 
ments. 

Numerous studies have measured levels of various 
components of ETS in both the home, workplace, and 
other public places. Repace and Lowrey (1980, 1982) 
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presented results of field measurements made in non- 
office environments (bars, restaurants, bingo games, 
dinner dances, bowling alleys, sports arenas, waiting 
rooms* etc.), as well as experimental results in office 
uyrc environments with high smoking rates (32 cigaret¬ 
tes smoked in 49 min). Respirable suspended par¬ 
ticles i RSP) levels were found as high as 697 ug/m 3 
in the non-office environments, In some office ex¬ 
perimentation, an equilibrium of 1947 pg/m 3 of RSP 
was attained with a time constant (x) of 14 min. They 
used data from these two papers to derive ai mathe¬ 
matical model to estimate average RSP concentra¬ 
tions of 200 jig/m 3 in office environments where 
smoking was allowed (Repace and Lowrey 1987), 

These papers are frequently referenced by other 
workers, and were extended by Repace and Lowrey 
to compute a "quantitative estimate of nonsmoker 
lung cancer risk from passive smoking" (1985a), and 
then "aniindoor air quality standard for ambient tobac¬ 
co smoke based'on carcinogenic risk" (1985b). Refer¬ 
ences to one or both of the first two papers are found 
within much literature on the subject of ETS that has 
been published since (Collishaw et at. 1984; Samet 
1988; Meisneretal. 1989; Wells 1986; Sterling 1982; 
Wells 1989); These include some papers published as 
recently as 1989. In addition, theU.S. Environmental 
Protection Agency (USEPA 1990) currently includes 
references to these two papers in their Draft Guide to 
Workplace Smoking Policies. This document has not 
been formally released however, and is siill in the 
review process. 

There are no data; in these papers on field measure¬ 
ments of ETS in office workplace environments; how¬ 
ever, they have been referenced in many cases to 
argue that ETS is the major particulate component of 
indoor air, and hence smoking shouldlbe eliminated 
from the office environment. At present, research 
that measures components of ETS in discretionary 
smoking office environments has been limited—most 
studies contain' small data sets thereby preventing 
precise statistical analyses. Examples of these rela¬ 
tively small scale ETS studies focusing on RSP where 
smoking was discretionary include Meisner et al. 
(1989), where RSP ranged up to 80 pg/m 3 , with a 
mean of 34 pg/rn 3 . Also, Sterling et a!. (1987) reported! 
mean RSP levels of 37 pg/m 3 in smoking permitted 
areas in their Building Performance Database (BPD). 
Finally in this vein; Oldaker (1990) measured RSP 
levels in a range of offices and reported mean RSP 
levels of 126 jig/m 3 (mean Ultra Violet Paniculate 
Matter [UVPM] levels of 27 pg/m 3 ). In any case, 
overall ETS levels have likely changed during the 
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past decade due to improved ventilation rates and 
changing patterns of smoking in the U.S. 

There is still a need for more study on all aspects 
of ETS in modem!offices where smoking: is allowed,, 
especially, in a larger variety of office environments 
sampled with the same methodology to highlight the 
influencing factors. 

In an effort to provide contributory data on ETS 
components in office atmospheres, and to build on 
our understanding of which factors influence ETS 
levels, this study sets out to measure a series of 
parameters related to, or influencingi, ETS in a very 
large sample of offices, using identical methodology 
in each. This provides us with up-to-date information 
on ETS in contrast with the data collected a decade 
previously. 

METHODS AND MATERIALS 

Obstacles which have prevented the collection of 
data as extensive as this before may have been: a) 
cost—since travel to and time in each office building 
constitutes a significant portion of a budfeet for this 
work; and b) access to each building. (Unless build¬ 
ing owners or employers see some personal benefit, 
they are unlikely to allbw their staff or tenants to be 
disturbed for air sampling exercises.) Each building 
requires individual persuasive visits; allowing tech¬ 
nicians into the building. This would normally be a 
prohibitive-effort if the objective is to sample from 
hundreds of buildings; 

Both cost and building access problems are eased 
by the nature of the indoor air diagnostic work routine¬ 
ly conducted by HBIl Access to many buildings is 
negotiated during the course of indoor air surveys 
allowing the ETS study to be added on to each routine 
indbor survey, with additional expense limited to a 
brief extra' time period and analytical costs. Iin this 
manner, it was possible to survey several hundred 
buildings within practical cost constraints and without 
access difficulty. 

During the visit to each building, the primary in¬ 
door air survey includes, as a minimum, visual in¬ 
spections of the internals of each air handling system 
and measurements for a range of air contaminants 
throughout the building space. This survey is separate 
from the ETS study each building was subjected to, 
and no efforts are made in this paper to coordinate 
the results from the main air quality survey and the 
ETS studies. 

The nature of this process dictates the buildings 
which were surveyed. Some were surveyed because 
of indoor air quality complaints by occupants/The 
majority were sampled, however, diiring the course 


Source: https://www.industrydocuments.ucsf.edu/docs/ffnmOOOO 


2026224173 



Tobacco smoke in office environments 




/■ni^'4KWr^ sp*!» v 'a^e^r. -«V >♦:: 

* « 2l 


of routine proactive monitoring visits to buildings 
perceived as generally healthy. We have no reason to 
suspect the buildings in this sample are not 
representative of office buildings throughout North 
America. 

Unoccupied areas of buildings (e.g., areas under 
renovation), garages, stairwells, industrial areas, and 
outside terraces were avoided, although cafeterias 
and some areas designated as smoking lbunges were 
included. A minimum of two ETS sample sets were 
taken in each building, and while it cannot be claimed 
that the occupants were unaware of the sampling 
activities, they were not informed that the sampling 
was related to ETS. 

Data set collection procedures 

A one-hour time period was allocated to each ETS 
sampling set. During this period, the field technician 
did not leave the space selected for sampling. Each 
sampling set consisted of the following information: 

General: 

Inspector I.D; 

Client name 

Building address 

Overall building size 

Number of stories 


S pec if ic to sampl ing sett 

Type of business and work activity 
Location: (floor/room) 

Room configuration detail^ (partitions, supply, 
and return outlets) 

Room size (m 2 ) 

Number of people ini room (average) 

Number of cigarettes smoked 
Respirable suspended! particles (pg/m 3 ) 

Carbon dioxide (pL/L) 

Carbon monoxide (pL/L) 

Nicotine (pg/m 3 ) 

Temperature (°C)i 
Relative humidity (%). 

Smoking density was then calculated for the hour 
sampling period by dividing the number of cigaret¬ 
tes consumed in the hour by the room size, to give 
cig/m 2 h. 

The methodologies used for the air sampling were 
as follows: 

Respirablb airborne-particle counts were made using 
a piezoelectric microbalance that measured particles 


in the 0.01 to 3.5 pm size range. Flow rate through 
the piezobalance was periodically checked at 1 L/min 
with a bubble flow meter, and the sensor was cleaned 
with alcohol swabs after every five measurements. 
The unit is factory-calibrated with diluted welding 
fumes which have shown equivalence to indoor RSPs 
to ±10%. The lower detection limit was setat 10 pg/m 3 . 

Carbon dioxide levels were measured using a non- 
dispersive infrared absorption portable gas analyzer. 
Accuracy is ±2% over full scale. Periodic calibration 
of the instrument was with a factory-supplied! span 
gas of 5000 pL/L CO 2 . Zero was set with dry nitrogen 
gas and the lower detection limit was set at 50 pL/L. 

Carbon monoxide concentrations were measured 
using a controlled potential electrolysis detector* ac¬ 
curate to 10% full scale. Periodic calibration of the 
instrument was with a factory supplied span gas of 
50 pL/L carbon monoxide. The minimum dbtection 
limit was set at 1 pL/L. 

Each of the above three parameters, as well as 
temperature and relative humidity, was measured in 
real-time and recorded ten times during the hour 
period. The reaPtime measurements and the average 
of the ten measurements were recorded in a standard 
field log, along with calibration data. 

Airborne nicotine was measured after USEPA 
(1989) with a personal universal flow sampling pump 
drawing air through unfiltered XAD4 absorbent resin 
tubes. Samples were analyzed with gas chromatog¬ 
raphy. ^Results are expressed in total micrograms 
converted to pg/m 3 , and the detection limit for our 
sampling rate of 1 L/min for a one-hour period is 
given as a conservative 1.6 pg/m 3 of air. 


S latisticai methods 

General statistics. Statistical!methods were used for 
the purposes of data description and correlation 
assessment between specific variables. Graphical 
methods were also used to evaluate relationships 
between specific variables. 

The main goal of the statistical analysis was to 
evaluate differences between smoking-observed and 
nonsmoking-observed areas. To evaluate these poten¬ 
tial group differences for variables such as RSP, 
nicotine, CO2, and CO, t-tests were used. 

Discriminant analysis. The goal of discriminant 
analysis (Karson 1982) was to predict group member¬ 
ship from several predictor variables. With these data, 
the discrete variablfe defining group membership 
was the type of room—either smoking-observed or 
nonsmoking-observed. Room type was entered into 
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discriminant analysis with several predictor vari¬ 
ables such as RSP and nicotine. 

The discriminant analysis methodblogy used here 
is a stepwise procedure; it initially enters the most 
significant variable for predicting group member¬ 
ship, as defined by specific statistics, and proceeds 
to enter new variables into the model until the 
inclusion of additional variables does not increase 
prediction ability. There are other methods available 
that will determine the best predictor model, such as 
backward elimination; Ih many cases, however^ each 
method will result in the same final model. 

The discriminant function, on the basis of the input 
variables (e g., CO 2 . RSP, and nicotine levels), decides 
on whether a room should be classified as a smoking 
or a nonsmoking room (Table 3)i The results of The 
discriminant analysis are then compared-to actual 
room status. 

Assuming that there is a significant difference 
between a nonsmoking and a smoking environment, 
then discriminant analysis should produce the fol- 
Ibwing: (1) a discriminant model that is significant, 
and (2) a model which differentiates between smok¬ 
ing-observed! and nonsmoking-observed rooms. 

Software . A computer package by BMOP Statistical 
Software Inc. (#BMDP 7M) was used to generate this 
discriminant analysis. Standard statistical packages 
were used to produce the tables, graphs, and descrip¬ 
tive statistics, 

RESULTS 

Descriptive statistics 

The final mix of building types surveyed is shown 
in Table 1. Since the establishment of designated 
smoking and nonsmoking areas may or may not be 
respected by occupants, and because even a smoking 
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lounge may contain no smokers during our sampling 
period, it is not possible to classify areas as definitely 
smoking or nonsmoking. Instead, we can classify 
areas based on the smoking activity observed to be 
in pi he e during the sampling period. For information, 
however, 20; rooms sampled were noted as desig¬ 
nated smoking lounges. There were 254 nosmoking- 
observed and 331 smoking-observed data sets, giving 
a total!of 585 data sets. 

Figures 1 through 4 show frequency distributions 
for four parameters, divided into smoking-observed! 
and nosmoking-observedi groups. These frequency 
distributions iHhistrate the basic features of the raw 
data. 

Table 2 displays the mean and'standard deviation 
of, among others, the following variables: (1) RSP, 
(2) nicotine, (3) CO 2 , (4) CO, and (15) room size. 
These statistics are shown for the overall data set, 
and are also categorized by room type (observed 
smoking activity), smoking or nonsmoking. 

To explore in more detail the relationships be¬ 
tween some of these factors, correlation coefficients 
were calculated between various parameters. Strong 
correlation exists between the following variables: 
RSP and smoking density (r = 0.5180, p < 0.01): 
nicotine and smoking density (r = 0.7007, p < 0.01); 
RSP and! nicotine (r = 0.7345, p < 0.01). 

Poorer correlations are calculated between the fol¬ 
lowing variables: carbon monoxide and smoking den¬ 
sity (r = 0.1792, p < 0.01); carbon dioxide and RSP 
(r = 0 1763, p < 0,01); carbon dioxide and nicotine 
(r = 0.0841, p < 0.05). It should be noted that the 
small! p-valbes imply a nonzero correlation which 
does not mean a strong correlation. Correlations less 
than 0.2 should be viewed as relatively weak. 


Table 1. Numbers of office types sampled' 


General Commercial Office Areas 

340 

Banking Offices 

152 

Cafeterias 

62 

1 Newspaper Offices 

14 

I Institutional (church, hospital, correctional or educational) 

‘ 17 

1 Total! 

585 


Source: https://www.industrydocuments.ucsf.edu/docs/ffnm0000 
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Nicotine (pg/m3) 


Fig: 1L Frequency distribution for nicotine measured in 585 office buildings with and without observed smoking. 


Discriminant analysis quency distributions of smoking rooms and non- 

As indicated above, latest results suggest that there smoking rooms, particularly on the variables CO 
is a significant difference between smoking and non- and RSP. 

smoking rooms when considering the variables RSP All factors in Table 2 were entered into the 
(p < 0.011), Nicotine (ip < 0.01), and CO (p < 0.05). discriminant analysis (except number of cigaret- 
However, there is serious overlap between the fre- tes smoked). Smoker density was not entered into the 


I_3 No Smoking Observed 


I Smoking Observed 



Percent 



0-20 20-40 40-60 60-80 80-100 >100 


Respirable Suspended Particulate (Mg/m3) 


rn No Smoking Observed Hi Smoking Observed 



Fig. 2. Frequency distribution for respirable suspended panicles measured in 585 office buildings with and without observed smoking. 
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Percent 



0-50 50-100 100-150 150-200 200-250 >250 

Room Size (square meters) 


| I_I No Smoking Observed 


I Smoking Observed 


Fig. 3. Frequency distribution for room sizes of 585 office environments with and without observed smoking. 


analysis since it is directly related to room type 
definitions*—smoker density equal to zero is defined 
as a nonsmoking room and smoker density not equal! 
to zero is defined as a smoking room. The discriminant 
analysis was significant and the variables RSP and 
nicotine were the only variables entered into the 
modfcl. The discriminant analysis did not enter the 


variables CO and CO 2 * nor the variables relating to 
room size and occupant density. All of these un¬ 
entered variables do not improve the ability of the 
discriminant function to classify the rooms as smok¬ 
ing or nonsmoking. 

Table 4 displays the ability of the selected model 
to predict room type properly. The selected model 


Percent 



Carbon Monoxide (pL/L) 


L_1 No Smoking Observed Hi Smoking Observed 


Fig. 4. Frequency distribution for carbon monoxide menu red in 585 office environments with and without observed smoking. 


Source: https://www.industrydocuments.ucsf.edu/docs/ffnmOOOO 
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Table 2. The mean (Standard Deviation) of variables grouped by observed smoking activity. 


Observed 

Smoking 

Activity 

RSP* 

Nicotine* 

CO,** 1 

(pL/L) 

! 

CD* 

(rL/L) 

Room 

Size* 1 * 

(nr)! 

1 —of 
People 

1 * of | 

Ciganeues {j 

Smoked 

Non^ 

j 20i 

0.2 

591 

3.1 

107 

7.9 

0.0 

Smoking 

1 (17.6) 

(0.8) 

(159) 

: (0.90) 

(231)i 

(15.7) 

0.0 

Smoking 

46 

6.7 

! 595 

1 3:4 

83 

7.9 

59 


(56.9) 

(14.8) 

(167) 

1- _ 

(1.12) 

(134) 

(12.6) 

02.8) 

Totals 

35 

3.8 

i 593 

3.29 

93 

7.9 



(44.4) 

(112) 

j (163): 

(1.03) 

(182) 

(14.0) 

_zJ 


Statistically significant difference between nonsmoking and smoking group. 

No statistically significant difference between nonsmoking and smoking group. 


was able to classify properly 96.1% of the nonsmok¬ 
ing rooms as nonsmoking. However, only 41.4% of 
the smoking rooms were classified as smoking; 58.6% 
of the smoking rooms were classified as nonsmok¬ 
ing. Overall, 65.1 of the cases were properly c lassified. 


Table 5 displays the mean and standard deviation 
of selected variables in the ETS data setL These vari¬ 
ables are grouped according to observed status, either 
smoking or nonsmoking, and status provided by dis¬ 
criminant analysis. One possible combination, ob- 


Table 3. Classification functions which determine model group m 


embership, derived from discriminant analysis of the sample data. 


Group 

Constant 

RSP 

Nicotine 

Nonsmoke 

-0.8916 

0.0202 

-0:0,557 

Smoke 

-1.2628 

j 0,0284 

-0.0269 


Table 4: Classification of observations into smoking and nonsmoking groups by the discriminant analysis model based on samplb 

results (the percentage of correct classifications is also shown). 


j 

1 Observed Status 

Percent Correct 

Model Status 

Non Smoke number 
of sets 

i 

Smoke number of 1 

sets J 

Nonsmoke 

96.1 

244 

10 1 

Smoke 

41.4 

194 

137 I 

r 

1 Total 

6:5 ill 

438 

147 I 


Source: https://www.industrydocuments.ucsf.ed u /docs/ffnmOOOO 
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Table: 5. The mean (Standard Deviation) of selected variables shown for groups defined by their status as observed in the field during 
sampling and the discriminant analysis model based on sample results. 


Observed 

Status 

Model 

Status 

RSP* 

Mg/m 1 

j 

Nicotine** 

Mg/m 3 

co 2 * 

(jiL/L): 

CO* 

(mL./L) 

Smoking 

Density,** 

ctg/m 2 .hr 

Nonsmoke 

Nonsmoke 

17.18 

0.1 

584! 

3.1 

0.0 



(9.5) 

(0.6) 

(153) 

(0.8) 

(0.0) 

Smoke 

Nonsmoke 

19 

0.9 

566 

3.3 

0.075 

1 


(9.2) 

(119) 

(170) 

(1.0) 

(0075) 

Smoke 

Smoke 

85: 

14.8 

636 

3.6 

0.30 



(71.8) 

(20.4) 

(154) 

(1.3) 

i (0.35) 

! 


•No statistically significant difference between Nonsmoke/Nonsmoke and Smoke/Nonsmoke. All 
other differences are statistically significant. 

••Statistically significant differences between all groups. 


served-status nonsmoking/model-status smoking, is 
not included since this combination only contains ten 
observations. The data show that for groups defined! 
by observed-status nonsmoking/model-status non¬ 
smoking and observed-status smoking/model-status 
nonsmoking, there is no statistically significant 
difference between group means for the variables 
GO, CO 2 , and RSP. The group smoking-observed 
status/smoking-model status is significantly different 
when considering nicotine and smoker density. This 
difference is slight for the groups nonsmoking-ob¬ 
served status/nonsmoking-model status and smok¬ 
ing-observed status/nonsmoking-model status. 

DISCUSSION 

Discriminant analysis 

The most significant results from the discriminant 
analysis are the following: 

(1) RSP and nicotine contribute to the prediction 
of room type—smoking or nonsmoking. 

(2) most (96:1%) nonsmoking rooms are clas¬ 
sified as nonsmoking rooms, demonstrating very little 
evidence of ETS spillover from smoking areas, and 

(3) a significant number (58.6%) of total smoking 
rooms are classified as nonsmoking rooms: 

Table 5 suggests that smoking rooms can be 
separated! as "light" or "heavy". The light-smoking 
rooms appear equivalent to nonsmoking rooms when 
considering, in a multivariate contexts the important 


factors of RSP and nicotine. The heavy-smoking rooms 
do have elevated levels of nicotine and RSP. This 
indicates that there may be a rough working range of 
smoker density in which smoking activity does not 
seem to influence ETS levels significantly, as measured 
by RSP and*nicotine. 

This analysis goes part-way towards identifying 
what this range might be in that the mean of the 
light smoking range is 0.075 cig/m 2 *hand the median 
figure is 0.048 cig/m 2 *h. There is considerable over¬ 
lap, however, between the two types of smoking 
groups in Table 5 1 The median of the heavy-smok¬ 
ing rooms is 0l 143 cig/m 2 -h with 20% of the heavy¬ 
smoking rooms below the median of the light-smoking 
rooms, and 13.4% of the light-smoking rooms above the 
median of the heavy-smoking rooms- This suggests 
that other variables which were not fully charac¬ 
terized in this work, such as outside air ventilation 
and/or air change rates, need to foe considered in more 
detail when determining the impact of smoking in the 
room envinonmentL One can see, however, that a realis¬ 
tic smoking density in properly ventilated rooms might 
be somewhere between 0.05 and 0.1 cig/m 2 h, or 
between 5 and 10 cigarettes per hour in a 100 m 2 
room. 


Other pertinent data 

These 585 data sets reveal some other interesting 
information. If one examines the absolute levels of 
items of particular concern, such as nicotine, RSP 
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and carbon monoxide, they show relatively conser¬ 
vative values. For instance, most of the RSP data in 
smoking-observed areas show levels well under that 
reported imRepace and Lowrey’s early papers (1980. 
1982);. iim general, about four times less than their 
mathematical model predicted for office environ¬ 
ments of 200 pg/m 3 (Repace and Lowrey, 1987). In 
this modtel, they assumed an occupancy of 7.53 per- 
sons/100 nr 2 ,. oine third of them smoking at an 
average rate of 2 cig/h (5.02 cig/100 m 2 h). In this 
study, in observed-smoking areas, mean RSP levels 
of 46.37 pg/m 3 were measured with a mean occupan¬ 
cy of 9.57 persons per 100 m 2 , and an average ob¬ 
served-smoking rate of 7.14 cig/100 m 2 h. In fact, only 
eight data sets showed'RSP values above this model' 
value of 200 pg/m 3 l 

Our measurements of RSP and nicotine also tend 
to match levels reported in other recent work by 
Meisner et al. (1989) and Eatough el al. (1989a). 
Ogden et al. (1990) found ETS contributes ap¬ 
proximately 50% to RSP which mirrors almost 
exactly our findings in that mean RSP levels in 
nosmoking-observed areas were approximately half 
those in smoking-observed areas. 

There are statistically significant differences be¬ 
tween! smoking-observed! and nonsmoking-observed! 
areas for RSP, nicotine, and CO. While not statisti¬ 
cally significant (p > 0.10), our data set contained 
smoking observed rooms with smaller sizes than non¬ 
smoking rooms, suggesting that smokers in modern 
office environments may be confined to smaller rooms 
than nonsmokers. This possibility might justify fur¬ 
ther work, perhaps examining smokers/nonsmokers 
room sizes, separate from designated smoking loun¬ 
ges. 

A clear relationship was observed between RSP 
and nicotine, which is not surprising in light of other 
studies. These studies were summarized by Eatough 
el al. (1989b), and show that nicotine/RSP ratios vary 
depending on overall ETS lbveh and tend towards 
that found in pure sidestream smoke at the highest 
levels of measured'nicotine and RSP. 

Although it is possible to identify two different 
groups (smoking and nonsmoking) by examining the 
carbon monoxide results, the distinction is not clear 
enough to characterize the relationship between smok¬ 
ing density and carbon monoxide concentrations. For 
instance* it was not possible to extrapolate properly 
the dhta to identify what smoking density might be 
associated with CO concentrations higher than the 
EPA ambient 24 h maximum of 9 pL/Il, although it 
would appear to require a smoker density much greater 


than typical in a "discretionary smoking" office en¬ 
vironment. 

This shows that carbon monoxide is a poor in¬ 
dicator for ETS levels found in typical! conditions. 
This is in contrast to Cain and Leaderer’s work (1982) 
in experimental chambers which showed wide varia¬ 
tions in carbon monoxide concentrations undbr dif¬ 
ferent smoking conditions. Lower, more typical 
smoking rates, and larger spaces allowing for faster 
diffusion of CO may explain why this gas is not as 
good a predictor in normal offices as it is in ex¬ 
perimental chambers. 

Improved resolution for carbon monoxide (measured 
to +/-1 pL/L in this study), and a lower detection 
limit for nicotine (set at 1.6 pg/m 3 for this study), 
and RSP (set at lOiO pg/m 3 ) may be thought to allbw 
for different conclusions to be drawn from the statis¬ 
tical analysis, However, a sensitivity analysis was 
performed with the discriminant analysis by setting 
different values for nicotine and RSP at the detection! 
limits. For example, on a subsequent evaluation of 
the data with discriminant analysis, all nicotine and 
RSP values below the detection limit were set to zero. 
This produced little or no difference in the results 
obtained from the discriminant analysis. This strong¬ 
ly suggests that improved detection techniques would 
not change the results drawn from this study, includ¬ 
ing those conclusions concerning spillover from smok¬ 
ing areas. 

Carbon dioxide is frequently used as an indicator 
of ventilation rates, and furthermore, since carbon 
dioxide levels are related to the number of occupants 
and the size of the space they occupy, these factors 
were also included in an attempt to establish a genera! 
ventilation status for each data set. No relationship 
was subsequently observed, however, between com¬ 
ponents of ETS and these factors as measured during 
these surveys. This does not mean that there is no 
relationship between total outdoor air intake for the 
building and overall ETS levels. But it means that 
local measurement of COz needs to be interpreted 
carefully if it is to be used as an indicator of ventila¬ 
tion. and that it may show considerable spatial varia¬ 
tions in a building, depending on local floor and air 
handling zone characteristics. This study did not ex¬ 
amine in detail Ideal room aspects of ventilation such 
as air change rates or airflow through local diffusers 
which may correlate much more strongly with local 
ETS levels. Alternatively, average levels of ETS 
throughout a building may also correlate with total 
outdoor air intake. 
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CONCLUSIONS 

These 585 measurements of some components of 
ETS and other related parameters sampled during 
1989 suggest overall concentrations of ETS in typi¬ 
cal office workspaces to be considerably lower than 
estimated ten years previously. Some parameters, 
such as carbon monoxide, appear to be only weakly 
related to smoking activity: Discriminant analysis 
shows that when "blindfolded” for presence or ab¬ 
sence of smokers, in most cases realistic smoking 
levels do not significantly influence the aspects of 
air quality that were measured^ and! spillover from 
smoking areas into nonsmoking areas appears to be 
minimal. This work further reinforces the position 
the American Society of Heating, Refrigerating and 
Air Conditioning Engineers (ASHRAE) has taken on 
ETS in office buildings in ASHRAE Standard 62-89 
(1989), in that acceptable air quality can be main¬ 
tained in properly ventilated offices with a moderate 
amount of smoking, even without smoker segrega¬ 
tion. These data help to further define the limits of 
moderate smoking. 

Further work to achieve this goal should address 
room air exchange and ventilation rates, and! their 
relation to ETS. This might best be achieved with the 
use of tracer gas instrumentation. This ventilation 
data when combined with ETS component meas¬ 
urements will give us a better understanding of the 
relationships between smoking and ventilation in 
modern offices. Other influencing factors may also 
include furnishing types and room size, which could 
be studied in more detail. 
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ABSTRACT 

Four large office buildings were investigated to assess 
relationships among ventilation rate, smoking activity, and 
indicators of indoor air quality (1AQ) J Two types of heating, 
ventilating, and air-conditioning (HVAC) systems were 
examined: induction-constant air volume (CAV) and varia¬ 
ble air volume (VAV). Two types of smoking policy were 
examined: unrestricted smoking and smoking restricted to 
lounges where air was exhausted directly to the outdoors. 
The four buildings represented all combinations of these 
four variables. One floor of each building was investigated, 
with measurements conducted during the summer when 
HVAC systems were not in the economizer mode, so they 
used minimal amounts of outside air. Inspections of HVAC 
systems indicated that they were adequately designed, 
operated, and maintained. Ventilation rates for office spaces 
were measured by standard procedures based on velocity 
traverses. During the tests, all four systems provided 
ventilation rates essentially conforming to ASHRAE 
62-1989. For the two buildings where smoking was unre¬ 
stricted, 34% of occupants were smokers; the average 
smoking rate was 1.6 cigarettes per smoker per hour. 
Indicators of air qualityand environmental tobacco smoke 
(ETS) were determined In offices and in outside and return 
airstreams. IAQ indicators included respirable suspended 
particles (RSP), formaldehyde, volatile organic compounds 
(VOCs), carbon dioxide (CO^fl, and carbon monoxide (CO). 
ETS indicators included ultraviolet particulate matter 
(UVPM), fluorescent particulate matter (FPM), and nico¬ 
tine. Results show that (1) within the context of the current 
ASHRAE standard, smoking activity had a measurable, 
although negligible, effect on contaminant levels in buil¬ 
dings where smoking was unrestricted; (2) restricting 
smoking to lounges eliminated nonsmoker exposure to ETS 
by preventing smoke from dispersing to adjacent areas; and 
(3) with the HVAC systems adequately designed, operated 
in accordance with the current ASHRAE standard, and 
properly maintained, all indicators were below applicable 
standards, regardless of smoking policy. 

INTRODUCTION 

The last decade has seen increasing emphasis on issues 
relating to the quality of the indbor environment. This 


emphasis stems in great part from the relatively large 
proportion of time people spend there. Our IAQ research 
program has included surveys to assess exposures to 
airborne contaminants, in general, and ETS, in particular, 
in various indoor microenvironments such as offices 
(Oldaker ct al. 1990). 

ASHRAE 62-1989, Ventilation for Acceptable Indoor 
Air Quality (ASHRAE 1989), is a consensus standard that 
has two procedures for demonstrating acceptable IAQ. One 
procedure involves assessing whether ventilation rates 
conform with tabulated values; the other entails measuring; 
contaminants to show that they are below specified levels. 
The work we report here is^part of our ongoing research 
effort relative to IAQ in offices and has two general goals. 
Our scientific and technical goals were to assess practical 
implications of this ASHRAE standard and relationships 
between its two procedures. Our industrial hygiene goal was 
to obtain baseline information that can be used to address 
IAQ concerns in the future. 

EXPERIMENTAL 

Each of the four buildings was investigated during the 
working hours of one week in the summer of 1991. 
Smoking is unrestricted at Buildings A and B. At Buildings 
C and D, smoking is restricted! to lounges where air is 
exhausted directly to the outdoors. None of the buildings 
bad a history of IAQ problems. Tables la and lb sum¬ 
marize characteristics of the buildings; Tablb 2 provides 
information on their HVAC systems. For Buildings A and 
C* private offices make up most of the floor area. For 
BuildingsB and D, open office areas represent most of the 
floor area. In terms of age, size, occupancy, floor plan, and 
HVAC system, each pair of buildings was similar. At each 
building, one HVAC system and one floor served by that 
system were investigated. Selection of HVAC system and 1 
floor for testing at Buildings A and B was based uponi 
maximal occupancy. The management of Buildings C and 
D selected HVAC systems and floors to be investigated that 
were representative of the buildings. At all buildings, 
occupants of floors tested were mostly clerical personnel 
and middle managers. 

Contractors did all testing With the exception of (1) 
analyses for particulate substances and (2) monitoring of 


W. David Taylor is manager of industrial hygiene and Ken B. Parrish is a design engineer with the RJ. Reynolds Tobacco Company, 
Winston-Salem, NC; Guy B. Oldaker,III, formerly a senior staff R&D chemist at RJ. Reynolds, is currently aUcnding the School of 
Law at West Virginia University. 
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TABLE la 


General Information on Four Buildings Investigated 


Building 

Year 

Occupied 

Total 
number of 
floors 

Total area 
of building 
(ft 2 ) 

Number of 
Occupants 
(approx.) 

Area of 
lest (ft 2 ) 

Number of 
Occupants 
in test 
space 

A 

1929 

22 

313,995 

680 

16,329 

66 

B 

1982 

16 

471,000 

1,400 

27,801 

114 

C 

1957 

12 

477,532 

1,433 

38,392 

15 

D 

1990 

10 

570j000 

1,000 

32,000 

54 



TABLE lb 

General Information on Four Buildings Investigated 



Building 

Year 

Occupied 

Total 
number of 
floors 

Total area 
of building 
(m 2 ) 

Number of 
Occupants 
(approx.) 

Area of 
test (m 2 ) 

Number of 
Occupants 
in test 
space 

A 

1929 

22 

29,170 

680 

f 1.516 

66 

B 

1982 

16 

43;755 

1,400 

2,582 

114 

C 

1957 

12 

44,362 

1,433 

3,566 

15 

D 

1990 

10 

52,953 

1,000 

2,972 

54 


ventilation rates at Buildings B and D. On Mondays, HVAC 
systems were visually inspected to evaluate design, opera¬ 
tion; and maintenance. Temperature and relative humidity 
were measured to assess thermal comfort The fraction of 
outdoor air in the total air supplied to the test floors was 
quantified based on pitot tube measurements of volumetric 
flow rates. For VAV systems, the fraction of outdoor air 
and the total supply to each test floor were continuously 
monitored. Volumetric flow rates of air supplied by 
induction units of CAV systems were quantified based on 
use of empirical calibration curves relating volumetric flow 
rate to plenum pressure for given types of induction units. 

On Tuesdays through Fridays, air samples were 
collected at randomly selected, occupied office spaces and 
in breathing zones. The numbers of offices sampled were 
20 each for Buildings A and B, 14 for Building G, and 16 
for Building D. For comparison with the samples collected 
in the offices, samples were collected daily from outside air 
and return air plenums, 

RSP and UVPM were determined by the method 
described by Conner et al. (1990) with the inertial impactor 


separating at 2.5 fim. The method described by Ogden et 
al. (1990) was used to determine FPM. Nicotine and VOCs 
were determined by EPA Method! IP-2A (Wtnberry et all 
1989a) and EPA Method IP-IB (Winbeny et al. 1989b), 
respectively. Samples for RSP, UVPM, FPM, nicotine, and 
VOCs represented approximate seven-hour integrated 
averages. Formaldehyde was determined by NIOSH Method 
3500 (NIOSH 1984) with samples collected for approxi¬ 
mately one hour at the end of each day. COj was deter¬ 
mined with an NDIR analyzer. CO, sulfur dioxide (SOj), 
and nitrogen dioxide (NOj) were assessed with monitors 
employing electrochemical sensors. Ammonia (NH^) and 
ozone (O 3 ) were screened with detector tubes. CO^ CO, 
SOj, NO^, NH 3 , and O 3 were sampled daily at three evenly 
spaced times with the average result used to represent an 
approximate seven-hour exposure. 

A questionnaire was administered to occupants of 
Buildings A and B. The questionnaire was derived from 
those published by NIOSH (1987) and the Danish Building 
Research Institute (DBRI 1990). The questionnaire asked 
for information on symptoms experienced during the 
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TABLE 2 

HVAC Systems Serving Four Buildings 


Building 

Age of HVAC Systems 

(years) 

Systems 

A 

35 

39 fan-coil systems 

1 induction systems 

(induction unit system has no 

return air capability) 

B 

10 

2 cooling air handlers 

2 heating air handlers 

1 make-up air unit 

C 

36 

6 peripheral systems 

6 interior induction unit systems 

26 air handlers 

D 

1 

central fan section for 

AC/heating 

(1 for interior, 1 for exterior) 

32 cooling zones 

10 heating zones 




previous three months including four strongly related to 
1AQ factors: (a) "itching, burning, or irritation of the 
eyes"; (b) "irritated,, stuffy, or runny nose"; (c) "hoarse, 
dry throat"; and (d) "cough" (BBRI 1990) j Smoking preval¬ 
ence was quantified from responses to the questionnaire. 
Smoking rates were assessed by collecting and counting 
cigarette butts. Numbers of occupants were obtained from 
daily records of attendance. 

RESULTS AND DISCUSSION 

Inspections indicated that all systems were adequately 
designed; operated, and maintained. Relative humidities and 
temperatures for all test spaces ranged from 41% to 65% 
and 68*F to 78°F, respectively. 


All four systems provided ventilation rates (in terms of 
cfm outdoor air per occupant) essentially conforming to 
ASHRAE 62-1989. For Buildings A and C, which have 
induction CAV technology, ventilation rates were 106 andi 
170 cfm (3.00 and 4.81 m 3 /min)/occupant, respectively. 
Figures 1 and 2 show typical daily ventilation rates for 
Buildings B and D, respectively. At Building B* the average 
ventilation rate was 17 cfm (0.48 m 3 /min)/occupant; 
ventilation rates varied from 12 to 21 cfm/occupant (0.33 
to 0:59 m 3 /min). Within the experimental constraints of this 
investigation, the -3 cfm (-0.08 m?/mni)/occupant average 
difference relative to the standard is considered negligible. 
The ventilation rate at Building B averaged 28 cfm (0.79 
m?/min)/occupant and ranged from 21i to 32 cfm (0.59 to 
0.90 m 3 /min)/occupant. The maximal C0 2 concentration 
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for the four buildings was 642 ppm, a result that supports 
the conclusion that ventilation was adequate. 

At Buildings A and B, respectively, fractions of 
smokers as determined by questionnaire were 37.0% and 
33.0%; the numbers of occupants responding were 65 and 
121 l The prevalence of smoking for both buildings, 34 %, 
is substantially greater than the U.S. average, 28% (CDC 
1991), Tables 3 and 4 present data on smoking activity for 
the two buildings. These data give an average smoking rate 
of 12.2 cigarettes per smoker per workday. Assuming that 
smoking occurred during the normal 7‘A-hour workday at 
the two buildings gives a smoking rate of L6 cigarettes per 
smoker per hour. This level of smoking activity is 18% less 


than the estimated U.S. average of two cigarettes per 
smoker per hour (NRC 1986). 

To facilitate discussion, results from determinations of 
indicators of air quality are addressed relative tb respective 
limits "of detection (LODs) and limits of quantitation 
(LOQs), where the LOQ as used here is defined as three 
times the LOD. Of the 38 substances sampled, 24 were 
above limits of detection (LOD). Table 5 lists the 14 
substances that were not detected and respective LODs. Of 
the 24 substances above LODs, four had medians below 
LODs for every building, (Because many data sets have 
substantial numbers of data below LODs, median values are 
used here for summarizing results. Medians, unlike avera- 
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TABLE 3 

Smoking Activity at the Test Floor of Building A 


DAY 



Tues. 

W«L 

Thurs. 

Fri. 

Number of cigarette butts 

277 

263 

355 

224 

Number of occupants 

53 

51 

52 

50 

Number of smokers 

21 

20 

21 

20 

Number of nonsmokers 

32 

31 

31 

30 


TABLE4 

Smoking Activity at the Test Floor of Building B 


% BAY 



Tues. 

Wed. 

Thors. 

Fri 

Number of cigarette butts 

409 

412 

412 

426 

Number of occupants 

no 

108 

108 

108 

Number of smokers 

36 

36 

37 

36 

Number of nonsmokers 

74 

72 

71 

72 

ges, do not depend on the convention used to assign a 
numerical value to data below LODs.) Chloroethane was 


quantified once at 15 fig/m 3 in Building C. Chloroform was 
detected in nine of the samples from Building B; the range 
of concentration was from 0.9 to 1.2 /xg/m 3 i Naphthalene 
was detected once at L3 /xg/m 3 in the Building B and four 
times in Building C; fbr the latter,- the range of con¬ 
centration was from 0.9 to 1.4 /xg/ni 3 . Finally, 1,1,2-tri- 
chloroethane was detected once at 1.5 /x'g/m? in Building D. 

Table 6 presents medians and ranges for the remaining 
20 substances found above LODs in offices at the buildings. 
Four have medians below LOQs; these are CO, formal¬ 
dehyde, 4-raethyl-2-pentanone, and styrene. CO is note¬ 
worthy because some researchers have used it as an 
indicator of ETS. Although the quality of the CO results 
here is limited! because the monitor was accurate to ±2 
ppm, the results are, nonetheless, in line with the position 
that CO is not a reliable ETS indicator because of its poor 
selectivity (Guerin et al. 1992). The highest lbvel of CO; 
3.0 ppm, was found at Building D where smoking was 
restricted to lounges exhausted' directly to the outdoors. 
Much of this CO presumably came from outdoor sources. 


TABLES 

Substances below Limits of Detection at All Buildings 
(concentrations in fi&hn 3 unless otherwise indicated) 

Substance Ln.of Detection 


Ozone 

0.01 ppm 

Ammonia 

0.1 ppm 

Sulfur dioxide 

1l 5 ppm 

Nitrogen dioxide 

1.5 ppm 

Carbon disulfide 

0.8 

Carbon tetrachloride 

OS 

Chlorobenzene 

0.8 

Chloro methane 

1.6 

1, l -Dichloroethane 

0:8 

1,2-Dichloroethane 

0.8 

Isopropyl ether 

0.8 

Methyl /-butyl ether 

0.8 

1,1,2,2-Tetrachloroethane 

0.8 

Vinyl chloride 

1.7 


since the average concentration of CO in the outdoor air 
supplied to the offices was 2.0 ppm. 

For purposes of discussion, substances above LOQs can 
be placed in two categories based upon whether or not they 
were found only indoors. (Having been addressed above, 
results for COj are not addressed further here.) Four 
substances found only indoors were 1,4-diehIorobenzene, 
trichloroethene, 2-butanone, and nicotine. Nicotine was 
found only at Buildings A and B where unrestricted smok¬ 
ing occurred. This was expected since nicotine is an 
indicator of ETS. Interpreted strictly, however, the pres¬ 
ence of airborne nicotine indicates only that smoking has 
occurred (Nelson et al. 1990). 

Eleven substances were found both indoors and out¬ 
doors: RSP, UVPM, FPM, benzene,* ethylbenzene, toluene, 
xylenes (all three isomers), methylene chloride, tetrachlor- 
oethene, 1,1,1-tridil ©methane, and triehlOrofluoro methane. 
These can be grouped as particulate species (RSP, UVPM, 
and FPM), arenes (benzene, toliiene, ethylbenzene, and 
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TABLE 6 

Summary of Results for Determinations of Substances in Office Spaces 
at Concentrations Greater than Limits of Detection 
(medians and ranges in /ig/m 3 unless indicated otherwise; medians greater than LOQ indicated by, asterisk [+]) 

Building 


Substance 

A 

B 

C 

D 

CO 2 (ppm) 

500* 

604* 

484* 

575* 


(433-575) 

(558-620) 

(333-542) 

(533-642) 

CO (ppm) 

13 ppm 

<1.0 

20 

2.4 


(0.7-2.0) 

(Cl.o-I.0) 

(2.0-2.7) 

(1.3-3.0) 

Formaldehyde 

(ppm) 

0.027 

0.034 

0.018 

0.033 


(0.0085-0.041) 

(0.024-0.047) 

(0.012-0.020) 

(0.030-0.040) 

RSP 

34* 

30* 

7 

5 


(<7-74) 

(< 15-48) 

(<9-20) 

(<8-21) 

UVPM 

26* 

16* 

0.8 

2* 


(<5-56) 

(5-34) 

(<1~2) 

(0.4-4) 

FPM 

IS* 

14* 

0.2 

1* 


(2-30) 

(3-31) 

(<2-0.4)i 

(0.2-2) 

Nicotine 

1.8* 

23* 

<02 

<0.1 


(0.1-11.7) 

(0.3-9.9) 

(<0.2) 

(-=0 1) 

Benzene 

2:1 

4.8* 

3.5* 

1.7 


(0.8-44) 

(3.7-76) 

(27-4.9) 

(1.4-3;6) 

2-Butanonc 

<1.8 

5.6* 

<1.8 

2.6* 


(<L 8-6:0) 

(<2.2-14.0) 

(<1.8-3.6) 

(<1.6-3.4) 

-dichlorobenzene 

<0.8 

4.2* 

<0.9 

<0.8 

* 

(<0.8-2.0) 

(<0.9-5.3) 

(<0.9) 

(<0.8) 
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TABLE 6 (Continued) 

Summary of Results for Determinations of Substances in Office Spaces 
at Concentrations Greater than Limits of Detection 
(medians and ranges ini/ig/m 3 unless indicated otherwise; medians greater than LGQ indicated by asterisk [1*2) 


Building 


Substance 

A 

B 

C 

D 

Ethylbenzene 

u 

3.0* 

1.6 

1.6 


(0.9-2.2) 

(<0.9-4.0) 

(<0.8*3.6) 

(1.4-3.0) 

4-Methyt-2-pentanone 

<1.8 

1.7 

<1.8 

1.2 


(<1.8) 

(<2.2-8.6) 

(<1.8-3.3) 

(0.9-21)1 

Methylene chloride 

<0.8 

<1.1 

<o:9 

8* 


(<0.8-7.1) 


(<0.9-1.2) 

(<0.8-23.0) 

Styrene 

<0.9 

1.9 

<0.9 

0.8 


(<0.9*1.3) 

(1.6-2 5) 

(<0.9) 

(<0.8-1.0) 

1,1,2,2-tetrachloroethylene 

1.5 

2.2 

1L4 

2.6* 


(<0.9-3.4) 

(114-2:8) 

(1.2-1.8) 

(1.5-5.4) 

Toluene 

9.5* 

19* 

12* 

21* 


(4.7-17) 

(17-27) 

(8.6-21) 

(17-62) 

1,1,1-trichloroethane 

18* 

50* 

46* 

29* 


(4.9-73) 

(39-71) 

(25-58) 

(13-76) 

Trichloroethene 

28* 

8.2* 

2.9* 

5.8* 


(<0.8-16) 

(6 3-14) 

(2.44.8) 

(4.1^83) 

Trichlorofluoromcthane 

1.2 

1.2* 

<0.9 

5.2* 


(<0.8*1.8) 

(<0.9-29:0) 

(<0.9) 

(3.9-7.1) 

Xylenes 

4.9* 

12.0* 

7.9* 

6.0* 


(<0.8-9,l) 

(26-16.0) 

(5.8-16.0) 

(4.7-11.0) 
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xylenes), and chlorinated hydrocarbons (methylene chloride, 
tetrachloroethene, 1,1, l-trichloroethane, and trichlbro- 
fluoro methane). 

Levels of RSP, UVPM, and FPM were higher for 
Buildings A and B than for Buildings C and D. For RSP, 
this difference reflects, in part, differences in outdoor levels 
of RSP. At Buildings B* C, and D, indoor levels of RSP 
were not statistically different from outdoor levels (P > 
0.05). For Buildings C and D, median concentrations of 
RSP indoors and outdoors were the same. At Building B, 
the median outdoor level of RSP was 26 pg/m?. RSP, 
because of its lack of selectivity and sensitivity, is a 
relatively poor indicator of particulate matter from ETS. 
Based on degree of selectivity and sensitivity, UYPM is 
better and FPM is the best of the three indicators of 
particles from ETS (Ogden et al. 1990). Based on FPM 
results, the estimated contribution of particles from smoking 
in i Buildings A and B is about 15 ftg/m? 

The arenes are associated with products of combustion, 
solvents, and motor fuels. The presence of arenes both 
indoors and outdoors is expected, especially since all four 
buildings are located tn urban areas. Indoor levels of arenes 
are at essentially the same magnitude for all four buildings. 

The chlorinated hydrocarbons are associated with 
solvents, dry-cleaning operations and residues on clothing, 
and refrigerants (trichlorofluoromethane only). 

Table 7 summarizes responses (by symptom) to the 
questionnaire for Buildings A and B. Response rates for the 
questionnaire were 87.9% at Building A and 91.7% at 
Building B. Response rates for symptoms are computed 


relative to the number of questionnaires returned. Rates for 
symptoms range from 1.7 % (for "Cough" at Building A) to 
19.0% (for "Itching, burning, or irritation of the eyes" at 
Building A), In general, rates at Building A are much 
greater than those at Building B. 

Although the questionnaire was not designed to address 
acceptable IAQ per se, it can be used for this purpose by 
assuming that the converse of the criterion within ASHRAE 
62-1989 is applicable: 

The air can be considered acceptably tree of 
annoying contaminants if less than 20% of a panel of at 
least 20 untrained observers deems the air to be objec¬ 
tionable under representative conditions of use and 
occupancy... . 

Application of this criterion to the individual response 
rates shown in Table 7 implies that IAQ was generally 
acceptable at both buildings. 

At the four buildings, levels of all contaminants were 
within respective standards used for industrial hygiene 
applications. Relative to standards for VOCs, benzene 
reached the highest level. The maximal concentration of 
benzene, 7.6 /tg/m 3 , is more than four orders of magnitude 
below the ACGIH (eight-hour time weighted average) 
threshold limit value (TLV) of 32 mg/m? (ACGIH 1990): 
All levels of formaldehyde are below both federal and state 
standards as tabulated in Appendix C of ASHRAE 62-1989 . 
The largest concentration of CO was 3.0 ppm; this value is 
below both the ACGIH TLV of 50 ppm and the eight-hour 
average of 9 ppm recommended in the ASHRAE standard. 


TABLE 7 


Summary of Responses to Categories of Symptoms 


Symptom 


Building A 


Building B 


% 

Number 

% 

Number 

Itching, burning, or 

irritation of the eyes 

19:0 

II 

7.2 

8 

Irritated, stuffy, or runny 

nose 

15.5 

9 

8 1 

9 

Hoarse, dry throat 

10.3 

6 

5:4 

6 

Cough 

1.7 

1 

2.7 

3 
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Ih addition, levels of RSP are below levels suggested by the 
ASHRAE standard l The greatest concentration of RSP 
(measured in the private office of a smoker) was 74 /xg/m 3 . 
Based upon averaging time, the most appropriate standard 
for interpreting this approximate seven-hour exposure is the 
24-hour average, primary National Ambient Air Quality 
Standard of 150 fig/m 3 . 

Results indicate that the smoking lounges at Buildings 
C and D were effective at preventing dispersal of smoke to 
offices on the same floor. The tobacco-selective contami¬ 
nants, nicotine, UVPM, and FPM, were either below the 
LOD (as was the case for nicotine) or at background levels 
determined in the outdoor air. These results are expected 
based! upon two facts. First, air from both lounges is 
exhausted from each building rather than being recirculated! 
Second! results from assessments of ventilation with smoke 
tubes showed that the lounges were at a pressure slightly 
negative relative to adjacent occupied spaces on the floor. 

CONCLUSIONS 

Investigations of indoor air quality ini two buildings 
where smoking was unrestricted and two buildings where 
smoking was restricted to lounges showed! 

1. In these buildings, with the HVAC systems adequately 
designed,, operated in accordance with the current 
ASHRAE standard, and properly maintained, alii 
indicators were well within applicable standards, 
regardless of the smoking policy. 

2. Smoking activity had a negligible effect, in general, on 
contaminant levels in buildings where smoking was un¬ 
restricted. Although levels of some contaminants were 
higher than those in the buildings where smoking was 
restricted, all! contaminants measured were within 
applicable standards. 

3. Restricting smoking to lounges eliminated nonsmoker 
exposure to ETS by preventing smoke from dispersing 
to adjacent areas. No tobacco-selective contaminants 
were indicated in office spaces on the same floor 
tested. 

4. Smoking was associated with increased indoor levels of 
respirable suspended particles (RSP), but these in¬ 
creases were small with ventilation rates conforming to 
the current ASHRAE 62-1989 . RSP levels were all 
within accepted standards in all four buildings during 
all tests. 
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Abstract The effect of alternative smoking policies, ,which prohibited or restricted smoking, on 
indoor air quality was studied in 27 air-conditioned office buildings. Carbon monoxide, carbon 
dioxide, respirable particulates, formaldehyde, ultraviolet particuline matter (U.v.PM ). nicotine, air 
temperature, relative humidity and illumination were measured at eight sample sites in each building. 
Smoking policy had no effect on carbon monoxide, carbon dioxide, relative humidity, formaldehyde, 
air temperature or illumination for open office areas. It did have an effect on ilevels of respirable 
suspended particulates, ultraviolet particulate matter and nicotine. 


INTRODUCTION 

Tobacco smoking indoors can be a source ofia number of indoor air contaminants, 
especially paniculate mailer (iH()ik;son. 1989) and gaseous products (Godish. 1990). 
Burning tobacco releases into the air several thousand I pollutants, of which about 400 
have beeni quantified (U.S: Swusi-os Gi:ni:rai.., 1986: Eisesm:rg. 1992). Environ¬ 
mental lobacco smoke (ETS) is an aerosol comprising vapour and particulate phases, 
both of which contain many organic and inorganic compounds (Eatouch el wL 1988: 
Git i kin 'ft ttl.. 1992) ETS is a combination ofl sidestream smoke from the burning 
cigarette and I exhaled mainstream smoke from the smoker (Gchrin cl a\.. 1987: 
Ri:asc m. 1987). The exposure of non-smokers to ETS or to ‘second-hand smoke' is 
termed ‘involuntary smoking'or'passive smoking' IPolvihli:, 1990), Passive smoking 
has been identified as a risk factor for chronic health problems, sucluas lung cancer and 
cardiovascular disease (On in: or Tnc hnoixkjy Asslssmhnt, 1986). and for the sick 
building syndrome ( Roiu kikon a til,, I988)j 

1 In an a lit cm pi to improve indoor aiir quality in the workplace and to reduce risks of 
the sick building syndrome (SBS) amongworkers. 42% of U.S. office buildings now, 
prohibit tobacco smoking (iINti rnational Fac iijimi s Management Association. 
1992). However, up to one-third of workers in U.S. office buildings arc smokers 
( Hi ix a cral,. 1991: Ohdaki r ct ah, 1992 ). and I to balance the needs of non-smokers 
and smokers many companies have chosen to implement spatially restrictive smoking 
policies rather than to prohibit smoking. Several such policies arc operated currently. 
Sometimes smoking is confined to areas with a ventilation system! which is separate 
from that for the non-smoking offices. In some buildings smoking is simply confined to 
certain areas without any localized air treatment hefbre it is returned to the ventilation 
system, in others localized air filtration removes the bulk of the ETS pollutants hefbre 
the air net urns, to the ventilation i system, and rather ilium requiring smokers to 

2fo 
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congregate in specific places, some companies restrict smoking to individual enclosed 
offices or to open-plan partitioned cubicle workstations. 

Spatially restrictive smoking policies appear to have lit tile impact on indoor air 
quality. Sterling ei al (1987) compared two similar office floors, one where smoking 
was unrestriciedl and one where il was restricted to a designated area. Nicotine 
concentrations were elfevalcdi on the unrestricted smoking floor (average of 
4.9//g m ' v ). but there were no significant differences in the concentrations of carbon f 
monoxide, carbon dioxide or respirable particulates: Ou>akf.r ei ui . (1992) compared * 
two buildings where smoking was restricted to lounges with two buildings where 
smoking was unrestricted. They found that concentrations of respirable particulates 
were higher in the unrestricted smoking buildings, otherwise smoking activity had a 
negligible eflcct on indoor pollutants. 

A field experiment was conducted to test the eflcct of five smoking policies 
(prohibition and various forms of spatial restriction) on indoor air quality in 27 air- 
conditioned office buildings. 

METHODS 

Smokiny. policies 

Five smoking policies were selected fori investigation: smoking prohibited (SP): 
smoking restricted to rooms vend lined by a separate ventilation system (RSV): \ 
smoking restricted to rooms with local electrostatic air fib ration units (RF): smoking ;j 
restricted to areas with no local air treatment (RNT): and smoking restricted to I 
enclosed offices and; open-plan partitioned cubicle workstations (RWS)j 







Offu c buildings 

Twenty-seven air-conditioned buildings with either variable air or constant air 
volume ventilation systems were selected I on tihe basis of their smoking policy, office 
layout, nature of office activities and location (Table 1 )i The buildings were occupied 
by 17 organizations performing typical otlice work (e g. insurance, finance, sales and 
marketing). Fifteeniirfthese, occupying 25 of the 27 buildings: were priv ate companies. 
One building was occupied by u federal agency, and one by a municipality. The 
investigators were blind uvihe indoor air quality status of the buildings; apart from one 
building where an indoor air quality problem was;suspected prior to study. Ail the 
buildingswere in theEastern or mid-Western I .S.A.: Alabama: Georgia. Illinois. 
Indiana: Kentucky. Massachusetts. Michigan. Minnesota. New York State. Ohio and 
Virginia. 


I 

i 

i 


Selection of iiulonr air qualify surrey sites | 

Except in building G indoor air quality in each building was sampled in the 
winter spring season over two consecutive workdays: building G was sampled for 
1 day, because a census sample of workers had been achieved 1 On each day two sites ; 
were sampled in the: morning and two more in the afiernoom The total number of sites ; 
surveyed fbr each smoking policy is shown in Table 2 


Indoor air qualif y sumplinq 

All sampling was conducted during normal office hours and on fb Hi working days; 
Where possible, sample sites were chosen in live most densely occupied office areas with 
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buildings B, D, F, HJ, K. L, R.S; V, W.;.X, Y;Z andlAA the CO monitor used ' 

had a detection range from 0 to 50 ppm ±1 % full-scale accuracy, with a detection limit 
of0.5 ppm. In the other buildings, the CO monitor used had a detection range frormO to 
10 ppm + 1% flillrscale accuracy, wilih a detection limit of 0 l 1 ppm. The instruments 
were zeroed as reqMired land on each sampling day they were calibrated morning, early 
afternoon and at the end of the day with a certified span gas of 30 ppm CO imair. 

CarhiW'diaxideACO-zl.CQy Men may be an indicator of ventilation rate: Levels j 
were measured with a portable nomdispersive i.r. absorption gas analyser with a 
measurement range of50 9950 ppm (±0.01 %, 50 ppm detection limit). The monitor 
was calibrated using 99.99% dry nitrogen as a zero gas and a span gas of 1000 ppm 
CO, in nitrogen in the morning, early in the afternoon and at the endiof the dhy (this 
instrument proved to be sensitive to orientation, and vertical or horizontal orientation 
produced different readings: all calibration and I measurements were performed in the 
vertical position). Once the monitor's reading was slabilizedlf - 10 s), a I-min average 
concentration was read. 

RcrspirMc suspended,particulates {RSP 3 $). A piezoelectric microbalancc (3.5 /tm 
impaclor) was used to mca:surc RSP 3j5 (the instrument was factory-calibrated with 
dilute welding fumes, with a sensitivity of 180 me Hz' 1 )j The measurement range of 
the instrument was (LOU 3.5 mgm‘\ The sensor was cleaned every four measure¬ 
ments, and the impactor and precipitator needle were cleaned prior to sampling in each 
building. For each measure, air was sampled for 120 s (10/ig m ~ 3 detection limit). \ 

RSPv.v underestimates the respirable particulates from FTS by 10 15% (Incjihritm- j ; 

sr.s ct til.. 1988): f 



flhnniiumce. Horizontal illuminance was measured with a digital illuminance meter 
with a measurement range of OjOII to 99 900 ltix±2%. Areas adjacent to windows were 
avoided because these were not representative of the illuminance levels for the majority 
of the workspaces sampled. 



Temperature [ Claud relatin' humidity ( RH). Temperature and R H were measured 
with a digital hygro-lhermomcicr. For temperature the measurement range was 
0.0 80:0'. C with 0.1 C resolution and an accuracy to + 0J C: for RH it was lit) 95% 
RH, wiiih().l% resolution and an accuracy- of ±2%. 


Statistical design and'analysis--of'the minor,■enriroinnenltil data 

The physical environment data were analysed as a split unit design, with smoking 
policy as the whole unit treatment factor and time-of-day (morning or afternoon 
samplesj'and smoking designation of an area {smoking or non-smokingjias the sub¬ 
unit treatment factors; The building was the experimental unit for smoking policy: The 
effect of smoking policy was tested using the pooled variation in mean response among 
the buildings within each policy as the error term. The locations at which the pollutant 
and environmental measures were taken within each building was the experimental 
unit for the time-of-day smoking designation treatment combinations; LUcels of liinie- 
of-day, smoking designation, interactions between'these factors and interactions of 
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these factors with smoking policy were tested with the variation among locations in 
buildings as the error term. All interactions were tested I at a liberal P—O.l, whereas 
main; effects and contrastswere evaluated at P=0.05. The design was unbalanced 
because of unequal numbers of buildings for each policy and unequal numbers of 
smoking and/or non-smoking sites in a building as determined by the smoking policy: 
Consequently, mean values and standard-errors;given in the results are least-squares 
estimates for unbalanced models (i e. means of the elTccts in a mode! which, would be 
expected if the design were balanced). When the effect of policy was significant for a 
pollutant, comparisons among the smoking policies were made using the following set 
of orthogonal contrasts; RSV vs RF (separate ventilation vs filtration); RNT vs 
average of RSV and RF (dilution from smoking areas vs some form of air cleaning); SP 
vs average of RNT. RSV and RF (no smoking vs some form of spatial restriction of 
smoking); RWS vs average of SP. RNT. RSV and RF (dilution of dispersed sources vs 
spatial restriction or no sources); An orthogonal set is the most concise way of 
summarising the policy differences using independent pieces ofinformation (Snedecor 
and Cochran. 1989). 

To assess properly the main effect of smoking area designation and the interaction 
between smoking area'designation and policy, separate analyses using only the data 
from the spatially restricted smoking policies (RSV. RF. RNT) were performed. When 
the interaction between policy and smoking designation was significant fbr a pollutant, 
comparison of measures- between smoki ng and non-smoking areas were made for each 
spatially restricted smoking policy (RSV. RF. RNT) t Where appropriate, these 
comparisons were made using unequal! variance-independent samples /-tests. 

Partial correlations among the environmental measures were calculated to assess 
how tightly coupled the concentrations of the pollutants associated with tobacco 
sm ok e w ere. a fieri acco urn li ng for tih c va r.i a t i on i in the measurements due to the design 
variables The statistical analysis of the concentrations of CO. CO : and formaldehyde 
were performed on the natural log scale, because the variance varied with the mean, 
indicating thati these data were log-normal. Because there were zero readings on the 
concentration scale for CO and formaldehyde, for computational purposes, a value of 
IB J wasaddbd to each CO reading and izero readings for formaldehyde concentration 
were replaced i with the dciectionilimil of the method i(l').01 8 ppm :)j Statistical analyses of 
the physical* environment data were performed using multi variate statistical analysis 
software (SA.S v.5.18). 


R I: SI LIS 

The gravimetric method used to measure RSP, vwas found to be unreliable, with 
26 of 27 field blanks showing some discrepancy fronr their initial mass: six with negative 
ss. 21') with positive mass. u.v.PM was not significantly correlated with gravimetric 
RSP, 5 . even though the u.v.PM samples were: derived fromi these RSP samples, 
Allihoughistaliistical analysis of gravimetric RSP, 5 had been reported for 18 of these 
buildings in an interim paper (Hoxn.vra/;, 1991 ).thc results from the 27 buildings were 
considered unreliable and were not further analysed. 

The average percentage of current smokers was comparable for each policy 
ISP- 19%. range 13 26%: RSV = 20%. range 16 25%c RF = 22%. range 15 30%: 
RNT= 16%. range 7 29%; RWS=I5 , '/«k ranue 10 20%);. Fslimales of uhe total 


Source: https ;//wws/M^i.ndei 


2026224197 





number of cigarettes smoked during the workday by tihe smokers surveyed in 
the RSV, RF, RNT and RWS policies, and the total number of person hours spent in 
smoking areas in the RSV. RF and RNT policies were calculated from the questionnaire 
survey data. No significant differences among the policies in which smoking was allowed 
were found either for the mean number of cigarettes smoked daily [RWS (mean = 345. 

SE = 55), RNT (mean =186. SE = 67). RSV (mean=l!62. SE = 67). RF (mean =191. 
SE- 55)]. or for the total number of person hours spent in smoking areas of the spatially 
restricted policies [RSV (mcan = 26j25. SE— 19.55). RF (mean = 57.63* SE = 15.99). 
RNT (mean = 18.75. SE = 22.57)] by the smokers surveyed. 

Smoking policy had a consistent effect on indoor air quality for the pollutants ; 
measured, although the concentrations of pollutants generally w'ere low. The overall 
effects of smoking policy on indoor air quality were tested using the mean values of the 
pollutants and of the environmental measures for each policy, regardless of the 
smoking designation ofsurvey sites within buildings or of the time-of-diiy (Table 3). To 
assess the effects of smoking areas and of non-smoking areas on pollutants and 
environmental measures, the mean values for the smoking and for the non-smoking 
areas of the spatially restricted policies were used (Table 4). The effects of smoking 
policy on indoor air quality in the non-smoking office areas of the SP. RSV, RF and 
RNT policies and in the office areas of.the RWS policy were tested using the means 
values of the pollutants and environmental I measures for only the office areas for each 
policy (Table 5). 

Formaldehyde concentrations generally were very low in the study buildings, 
although building AA had relatively high concentrations (range 0.027 0.052 ppm}. 
There was no effect of smoking policy on formaldehyde, although there was an 
interaction of smoking policy with survey site (.F, : . 1MI = 3.34. /*= 0.0003): formalde¬ 
hyde concentrations were higher in smoking areas than non-smoking areas in the 
buildings where spatially restricted!smoking policies appliedi whereas there were no 
differences among the sites for the SIP and RWS policies. To lest the effects of smoking 
area designation on formaldehyde concentrations only the dint a from the areas of j 
spatially rest nicted smoking policies (RSV. R F and R NT) were analysed. There was an 
interaction of smoking policy with smoking designation of! the site l/ 2 Hh = 3.56. | 
P = 0j0326i). There was no difference in formaldehyde-concentrations- between smoking j 
and non-smoking areas for the RSV policy: the formaldehyde concentrations- in i 
smoking areas were double those imthe non-smoking buildings for the R F policy: and \ 
the highest form aldehyde: concentrations in the non-smoking and smoking i areas-were- * 
found for like RNT policy, (Table 4)i For only uho buildings with spatiially restricted ; 
policies, there was a marginal effect of smoking policy (i/n, , ,,= 3.75. / J = 010543 ); 
resulting fromia,difference bejweemthe RNT and the average of the RSV and RF • 
policies (F, , > = 7.44. /? — ().() 184). When only the office area sites were analysed for all j 
five policies, there was. no significant effect of smoking policy on formaldehyde j 
concentrations (Tabic 5)1 but the orthogonal contrasts- showed 1 that there was a j 
significant difference: he tween tlhc RNT and the average of the RSV and RF policies j 
[\F\ ,, = 5.23. P=0.032IT After accounting for the variation ini (Concentrations due to ; 
the designi variables (policy, site and time-offday) formaldehyde w'as positively ; 
correlated with CO (r = 0 28. F = ().00{!)5i) and with C0 2 (r = 0.26., F = (MX) 113). 

There was no effect! ofismoking policy on CO, although there was an interaction of ; 
smoking,policy with site for CO (,F, 2 , 5(l = 1.96, P - ().(i)320). For the spatially restricted J 
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[478. 657} 
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[575. 791] 

[533. 755] 

[488. 671] 

Formaklehvde tppm)+ 

0.01 

0.02 

0.02 

0.05 

0.01 


[o.oos. o.o:sj 

(O.tXW. 0.046J 

[0.013."0.047J 

[0.025.0.103] 

[0.008. 0.028J 

RSI' l/ig m ■'> 

29J + 9J 

63.1 ± 1 1.4 

90.4 + 9.3 

65.7 ±10.2 

22.6 + 9.3 

u \.I'M l/ig m ■-) 

0.2* 22 9 

44 | ±28.1 

114 9*22.9 

19.8 ± 25.1 

10.2*22 9 

Nicotine t/ig m ■) 


6.90 * 3.0J 

20.8 + 2.4 

3.8 ±2.6 

2.4 + 2 4 

Temperature < Cl 

2 3.9 *0.4 

24.3+0.5 

23.9 + 0.4 

23.7 + 0.4 

23.6*0.4 

RH (%} 

29.7*3.5 

35.1 ±4.3 

33.4 ±3.5 

28.3 ±3.9 

35.9*3.5 

Illuminance (lux! 

472.4*62.4 

51 3.3 ±75.3 

507.9 ±62.4 

586.4 ±67.8 

564.9 + 62.4 


*SP smoking prohibited: RSV smoking rclrictcd to separately ventilated areas: RF - smoking restricted to rooms with local air filtration: RNT — 
smoking restricted to rooms with no additional air treatment: RWS smoking restricted to work stations. 

+ Least-squares means back'transformed from natural logarithm scale; hack* transformed 95% confidence limits shown in square brackets. 

2Nicotine measured only in separately ventilated smoking areas. 



Source: https://www.industrydocuments.ucsf.edu/docs/ffnmOOOO 


The effects of alternative smoking policies on indoor air quality in 27 office building 








' 0 :- 

•jrs.-v.. 
y/y.'jr. 
fss.7. 


m 








t* 



Tabu: 4. Indoor i nvikonmi nt cnsomnss kik s«)^-smokin<; and smokincj a nr: as 01 spatially kustkktu) smokinu policies* (u.ast-souari.s mi: a ns and 

STANDARD IKKORS) 



RSV 

Non-smoking 

RSV 

Smoking 

Rl* 

Non-smoking 

Rl- 

Smoking 

RNT 

Non-smoking 

RNT 

Smoking 

C'O (ppm)* 

0.3 

1.5 

0.2 

1.2 

0.4 

1.0 


10.2. (1.71 

10.7. 3.4 J 


10.7. 2.1] 

[0.2. 0.8J 

[0.4. 2.2J 

CO, (ppm It 

573 

635 

673 

676 

597 

698 


|523. 627] 

(571. 707) 

1626. 723] 

1625. 732] 

[550, 647J 

[624.781J 

1 ormaklehxde (ppmIt 

0.0: 

0.02 

0.02 

0.04 

0.05 

0.06 


(0.1113. 0.0241 

(0.017. 0.034 J 

(0.014.0.022) 

(0.030. 0.049J 

[0.038. 0.063J 

[0.039, 0.079J 

RSIM/tgm ‘I 

33.(i ± 11.9 

I09.X + 14,0 

37.0 + 9,4 

157.3 ±10.3 

38.9 ± 10.5 

117.4 ± 14.7 

u.v.pki i/ig m ’i 

3.2 + 23.1 

109 1 27.3 

14.5+ 18.3 

236.6 ±20.0 

9.3*20 5 

39.2 ±28.6 

Nicotine (/ig m ■ 1 


s.:T 5 it 

0 . 9 +3.3 

44.2 + 3.6 

0.3* 3.8 

10.3 ±5.2 

Tc m pent lure (Cl 

24.4.1.0.2 

24 4 t t).2 

24.0 l tL2 

23.H + 0.2 

23.7 ± 0.2 

23.8 + 0.2 

Rll ("..l 

W.fti 1.3 

35.4 ± 1.5 

33.21 l.o 

33.6 ±1.1 

2K.2 ± 1.2 

28.7* 1.6 

Illuminance (tuxI 

544.5 fc4S.4 

488.5 157.0 

515.4 + 3S.7 

503.6 ±42.0 

648.8 + 43,0 

474.5 + 60.3' 


*SP smoking prohibited: KSV smoking restricted to separate!) u-ntilated areas; R + smoking restricted to rooms with local air filtration; RNT—smoking 
restricted to rooms with no additional air treatment; RWS smoking restricted to work stations. 

♦ Least squares means hack-transformed from natural logarithm scale; hack-transformed 95" « confidence limits shown in square brackets. 

JNicotine measured onl> in separate!) ventilated smoking areas. 
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policies. CO concentrations were higher in smoking areas than in non-smoking areas 
(F, 8K = 26.40. P-0 0001; Table 4). CO'concentrations were notsignificanlly different 
among smoking policies for the office;areas (Table 5). 

There was a significant overall efTect of smoking policy on u.v.PM (F 4 22 =4 01. 
P = O.0l36h and concentrations were higher in the areas applying restricted policies 
than ini those applying the SP policy (Table 3); There was aninteraction of! smoking 
policy withisite:for u.v.PM 1M , = 6.99. P = 0.0001). Analysis of the data 1 for the 
spatially restricted smoking policies showed that u.v.PM concentrations were higher in 
smoking areas than in non-smoking areas, although the difference varied among the 
smoking policies and was greatest for the RF policy (F 2tlK = 915:5; P- 0.0002: Table 4). 
Comparisons of only the office areas among the five smoking policies dho showed a 
policy effect (T^ 2: = 4.08, F = G.00!I27: Table 5k and the following contrasts were 
significant: SP vs average of RSV, RF and RNT 22 = 5.97, P= 0,0230): and.RWS vs 
average of SP, RSV, RF and RNT (F, 22 = 4.10. P- 0.0552). u.v.PM was positively 
correlated with RSPy, 5 (r = 0.45. /*=0.000!! ), after accounting for the variation due to 
the design variables. 

Smoking policy affected RSP 35 (F 4 = ^ ^4. P- 0.0007), because of the significant 

difference between the SP buildings and all the buildings with restricted policies 
(F, , 2 = 15*53. F = 0.OGO1): and tihe: buildings designated RWS and those applying 
other restricted smoking policies ( F, 22 = 13.80: F = OiOOI2: Tablb 3). For the buildings 
applying spatially restricted smoking policies RSP v 5 was higher insmoking areas than 
in non-smoking areas (Table 31 (F, HK = 85.37. / >: = 01(00011), There was a difference in 
RSP V 5 among policies for the office areas (Table 4)1 RSP, , was lower in the R WS 
policy than other policies (F, 22 “ >.06. / , = 0i0348). 

Nicotine concentrations were not measured in the SP buildings (One test in a SP 
building was conducted to check that nicotine was not detectable), or in the non¬ 
smoking areas of the RSV buildings, Nicotine concentrations differed among the areas 
with spatially restricted policies, whether the RSV policy was included in the statistical! 
analysis (F : i: = 8.22. F = Oi(Kl5:6;) or excluded from it (,F, = 12.90. F = 0.(H)58). The 
arcasapplying the RF policy had the highest concent ration of nicotine (Table 3). There 
was a significant interaction between smoking area designation and policy (F, fi5 -= 
14.88. F = (U)(H)3). The nicotine concentration was significantly greaterm the smoking 
areas than in the ollice areas for the RF and RNT policies, but the con cent ration in the 
smoking areas of the RF policy was more than four times that of the RNT policy, 
whereas the nicotine concentrations, in the office areas were very low for both policies* 

Partial! corrclhlions were calculated! using the data from tihe spatially restricted! 
policies to assess how lightly coupled nicotine concentrations were with other ITS 
pollutants. Only u.v.PM was positively correlated I with nicotine (r = 0.32. P = ().()()57); 
Using the data relating: to all policies RSP A < correlated with u.v.PM (r = ();36. 
P = mmn );CO|r = (1.23: F=03)05)iaivd C'()y(r = 0 29. F = 0.0003). CO and C‘() 2 were 
positively correlated (r = 0.26. P- O.OOJil). RH was positively correlated with 
formaldehyde (r=0.23: F = ()O050)iand!with CO, (r =0.33. /> = (D.<H)()1). and negatively 
correlated with temperature (r = —0.17. / , = OX)341). 

There were no significant effects of smoking policy on COy, tempera liu re. relative 
humidity or illumination. Analysis of only the spatially restricted smoking policies 
showed higher concentrations o\C0 2 iJ'\ KH = 5.89, / J = Oj()173) and 1 Ibwer levels of 
illumination (F, MH = 4.<)2, P =0:048!l):in 1 the smoking areas (Table 4), 
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Effects of prohibit,iittf smoking, vs a (lowing smoking on indoor environment conditions 
To l est i h e e fTec is of p no hi biting .smoking - vs alio w in g sm ok i n g on c n \ i no ninen t a) 
conditions, dtita^lor the SPand R WS policies were compared iiin SP buddings there was 
no smoking and in R WS buildings smoking could occur at any dbsk ); No significant 
differences between the SIP and' RWS policies were found in concentrations of CO. 
CXX* metered R lS P o r formaldehyde:, or in levels of illumination,,or. temperature or 
RH, bul u.v.PM levels were higher for buildings where tihe RWS pulley was operated 
(f) .],,, = 38.75,,P =0,0001: Table 5i). 


discussion 

Few difTercnccs in indoor air quality were found among the live smoking policies 
studicd.and the pollutant concentrations which werefound arc comparable to those of 
other studies of the effects of smoking policy on indoor air quality (Stkrijng cl aL 
1 9X7: Ou)aki:r ct aL. 1992!). Concentrations of ETS ‘tar\ as measured by,u.v.PM, and 
respirable particulates (3.5 /rm) were lower for the smoking prohibited policy than for 
the restrictive smok ing policies. However, the amount of particulate material Iwas small 
relative to current occupational exposure standard^ for respirable particulates. 
Nicotine concentrations also varied among the restrictive smoking policies, and this 
was correlated with u.v.PM. which measures the ‘tar* particulates of ETS. 
Formaldehyde concentrations generally were very low in the study buildings, andiwere 
unaffected by differences in smoking policy. Because indoor air quality was assessed 
using integrated air sampling performed in general office areas, these results indicate 
the average concentrations which a non-smoker could be exposed to in the office. The 
air sampling techniques which were used did not measure transient changes iin 
pollutant concentrations around point sources, such as the immediate change in 
pollutant Idvels which niiglu be expoetediin the micro-cnvimnmencof an active smoker. 
The results show that for ETS associated pollliitanls, ambient indoor air quality in non¬ 
smoking office areas in air-conditioned office buildings which spatially restrict 
smoking can be comparable to that in buildings which prohibit smoking: 
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MEASUREMENTS OF THE EFFECTIVENESS OF DUST 
EXTRACTION SYSTEMS OF HAND SANDERS USED ON 

WOOD* 

A. Thorim: and R. C. Brown 

Occupational Medicine and 1 Itvisitne Laboratory. Htaltli and Safetv Fixocutivc. Broad Lane. 

Shcllkrld S3 7HQ. I K 

(Rcn intl 22 June 199 \ and in final lorn i 21 December ■ 19931 

Abstract An investigation! has Keen' made of the production of dust hy hand sunders when u.sed 
without dim extraction, with integral dust extraction and with external dust extraction. The 
apparatus used for the measurement was.designed to carry out sanding in a repeatable manner, 
simulating normal working practice. The geometry of It he wood sanded affects the dust concentration 
critically whereas the effects of the sandpaper grade and of the filtration elKcienty of the collection 
s\sicmiarc small Holt sanders prmlucc high dust levely in all Munitions, hut they are very efficient in 
removing uo<hJ. w hich means,thal they need to He used foronly a, short period. The integral systems of 
orbital kindcrs give good dust control on Hat wtu*d but notion edges: The high air extraction rate of 
external systems results in much better dust control during the sanding iff edges, though the 
performance of i he I wm extraction systems on ilia t wood is broadly similar The m/c distribution ofthe 
dust clouds produced Hy the sanding is rclativeh constant, hut that produced by rotary vanders,tends 
to be coarser than lhat produced by orbital sandcrv consistent wnhithc smoother finish given by the 
Ui.lt or. 1 lie elec trie charge, on the dust produced by sanding i» high. 


I STKODl ( I ION 

Proi o\ca i) exposure to high levels of wood dlisi can cause health problems. Friar ci 
al . U9Jx0i) found than the incidence of nasal cancer was KHiG'or more times greater 
amongst wood workers than amongst the general male population. Boj.m-Ai dorit ci 
i//.. (;I9N9) carried out a general,study oflnasal and nasopharyngeal cancer, and found 
that 5iyears’ exposure to wood dust increased tihc risk: of sucli diseases by a factor of 
about S; Norim rut (I9X9| found an associationbeiween longrterm exposure WvcerUt in 
hardwoods (beech. oak and chest m ut) and cancer in organs.remote from the respiratory, 
system, such as the colon and the haemopoietic system. Pisami t.i.o (I 9K9) listed the 
conditions tlluit the dust can cause, such as dermatitis, sore or itchy eyes, allergic and 
non-allergic respiratory effects, sino-nasal effects such as blocked or bleeding nose, and 
cancer in tlie nose and elsewhere: 

Correlations between the incidence of symptoms and levels of exposure arc quiitc: 
poor, probably because many of the effects depend oir the: sufferers history: Exposure 
to hardwood diust appears to be associated with a greater incidence:of many of the 
symptoms than does exposure to softwood dust. Nevertihelbsv. the soft wood i western 
red cedar, is known to be highly allergenic: and other soft woods cause dryness in the 
nose, and general eye. nose and!throat irritation: Workers exposed to wood dust!also 
complain of prolonged coldk and frequent hcaditches. 

• Crow Dicopyright 1994; 

*l'reseiUcd .il I he HOIfS Annual Conference. Swansea 19 i yv 




Source: https://www.industrydocuments.ucsf.edu/docs/ffnrhOOOO 
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SECTION 4 

BIOLOGICAL MEASUREMENT AND DOSIMETRY 


Reasor (1992) states that biological markers have been identified which can serve as 
quantitative surrogates for ETS exposure. Nicotine and its metabolite cotinine have 
been' used for this purpose by many workers. However, nicotine is pertinent only to 
the gas phase of ETS and does not correlate with particulate retention! The usefulness 
of cotinine as a biomarker for ETS is limited in the first instance by its derivation 
from nicotine exposure. Furthermore, cotinine in body fluids is not even a reliable 
indicator of nicotine uptake because of variations in metabolism among individual 
subjects. 


Other potential! biomarkers, such as DNA adducts and chromosome aberrations have 
in' several! studies been reported not to be increased significantly in ETS - exposed 
non-smokers compared to non-exposed non-smokers (nor in ETS-surrogate animal 
inhalation studies; see Section 5). Furthermore, the relevance, if any, of such changes 
to lling cancer is not fully understood (Scherer, 1993). 

The uptake of chemicals present in ETS is not well understood, and the US EPA 
commented that it was too early for studies on this subject to be useful. It is 
noteworthy, however, that according to Holcomb (1993), “the estimated dose of ETS 
one can be expected to receive does not support the health risk claims being made by 
the US EPA and others.” 


Source: https://www.industrydoci 3nts.ucsf.edu/docs/ffnm0000 
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Toxicology of Environmental Tobacco Smoke 


MJ P Reasor 

Department-, of Pharmacology ami Toxicology* West Virginia University Health Sciences 
Center. Morgan tom i. West Vi rgin ia 26506 , USA 


Abstract 

Environmental tobacco stnoke PETS)'is a complex and dynamic mixture of particles 
and gases zchichhas been poorly characterized. Most experimental research has involved 
study-of. sidestream smoke rather than ETS, therefore, such results are difficult to inter¬ 
pret relative to human exposure . 

Biological markers, including cotiuine in 1 biological fluids ami DNA and protein adr 
ducts, have beeth utilized to assess exposure to ETS; hoivever, none has been identified 
that can serve as a quantitative surrogate for ETS. As a result of the paucity of informa¬ 
tion regarding ambient ETS characterization and exposure assessment, it has been diffi¬ 
cult to evaluate the possible toxicological effects of ETS on Immmts; Development of re¬ 
levant studies -involvinganimal and "in vitro" exposures may provide important infor¬ 
mation on 1 the • toxicology of ETS. 


Introduction 

ETS is a complex aerosol of gases amdi particles originating from the smoke 
exhaled! bv. the active smoker and all other material released bv the burning to¬ 
bacco producti The possible health effects of ETS exposure have been the 
subject of much public and-scientific interest in recent vears. 
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Unfortunately. a meaningful evaluation of the potentiali toxicoiusical impact 
of ET5 exposure has been hampered bv incomplete information on the composi¬ 
tion and dynamics of ETS as well as inadequate exposure assessment. 

The present manuscript focuses on three areas in which additional informa¬ 
tion is needed to evaluate the toxicology of! ETS: Cl) the chemical composition 
and dynamics of ETS, (2) ETS exposure assessment, and (3) animal and "in vi¬ 
tro" studies in assessing the potential I toxicity of ETS. 


Chemical composition and dynamics of ETS 

The following discussion will be confined to cigarettes only. ETS originates 
from both the smoke exhaled by the smoker (exhaled mamstreanr smoke) and 
all of the smoke that is emitted! by a burning cigarette that is not mainstream 
smoke (sidestream smoke), 95% of whichis emitted from the tip of the cigarette 
between puffs (1). Comprehensive discussions of the physical and chemical 
aspects of sidestream smoke generation have been presented by Baker and 
Proctor (1) and Guerin (2 )j 

Most research efforts at characterizing ETS! have involved the use of side- 
stream smoke generated from smoking machines under standardized condi¬ 
tions (3-5). Over 100 chemicals have been identified in sidestream smoke (6). 
Values for each vary depending on the conditions used r generation and 
collection. This is further illustrated! by the wide range or values reported for 
chemicals measured m sidestream smoke (6). In am indoor environment side- 
stream smoke undergoes significant chemical and physical changes as it con¬ 
tributes to ETS (.7). These changes are termed "aging" and contribute signifi¬ 
cantly to the complex and dynamic nature of ETS. Aging is influenced by a 
number of factors including the type of tobacco smoked, chemical reactions, 
dilution, evaporation; ventilation^ temperature, humidity, lighting, and depo¬ 
sition onto surfaces. As a result, the properties will differ depending on condi¬ 
tions at anv given time, thus making it impossible to provide a definitive che¬ 
mical and physical description of ETS. For the various reasons described, it is 
not appropriate to directly extrapolate information on sidestream smoke to 
the qualitative or quantitative characterization of ETS. These problems not 
withstanding, considerable information exists on sidestream smoke as a surro¬ 
gate for ETS; however, such data must be evaluated in the proper context. Se¬ 
veral observations illustrate the variable and dynamic features of sidestream 
smoke-derived ETS (1, 6). It has been noted that nicotine, which is found pre¬ 
dominantly in the particulate phase of mainstream smoke, is almost exclusi¬ 
vely located in the gas phase of ETS. Materials in ETS decav at different rates 
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in the following order from highest to lowest rates: nicotine > particles > total 
hvdrocarbons = NO > CO : = CO > NO : . Particles mav become smaller throu¬ 
gh evaporation, they may increase in size through coagulation, and they may 
be lost by deposition on surfaces. Considering the more extreme nature of an 
ambient indoor environment, it is likely these changes would be even more 
pronounced and unpredictable. 


ETS exposure assessment 

I 

Monitoring exposure with biological markers 

While monitoring; the indoor environment for ETS may provide insight into 
the potential for human exposure, it is difficult to draw conclusions from such 
data on the intemalldose received. Accordingly, biological markers have been 
used as surrogates to qualitatively and quantitatively assess internal exposure 
to ETS. A major problem with such an exposure assessment: is that it has been 
possible to monitor exposure to only a few of the multitude of chemicals in 
ETS, thus only ai limited amount of toxicologically-relevant information has: 
been obtained. 

Nicotine, and it's metabolite cotinine, in biological fluids have been widely 
used as qualitative and quantitative markers for ETS exposure (:8L In gene¬ 
ral, nicotine is a measure of very recent exposure, while cotinine has a lon¬ 
ger half life. Oi the two markers, cotinine in urine or saliva appears to provi¬ 
de the best cc relation with'self-reported exposure (9). Nevertheless, there 
are significant limitations in the use of cotinine as a quantitative measure of 
ETS exposure {1.0k In nearly ail of the studies reported,, single samples of 
^ody flhid are collected. Such a protocol precludes assessment of chronic 
^TS exposure. Cotinine is a measure of exposure to gas-phase nicotine, and 
consequently, provides no information; on other gas-phase constituents, nor 
on particuiate-^hase chemicals. Additionally; cotinine is only one of several 
metabolites of nicotine and rmav not be the most abundant nor most consi- 
stent to measure. 

Exposure to low levels of nicotine may occur independently of ETS. Recent 
evidence exists that nicotine is present in a number of vegetables in our diet 
(Ilk therefore, .he low-level cotinine values observed in nonsmokers may not 
exclusivelv be a reflection of ETS exposure. Nicotine has been detected in hou¬ 
se dust in the homes of smokers and nonsmokers (12). A potential source of 
nicotine-derived markers is from nicotine-containing chewing gum used: to 
help reduce smoking. Tobacco-specific nitrosammes have been detected in the 
saliva of persons chewing ''Nicorette" gum (13)i It: is certainly possible that 
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low levels'oi corimne ini the bodv riiuids or nonsnroker> mnv arise, rrumi sour* 
ces other than ET5. 

DNA and protein adducts have been utilized'as biological markers to assess 
internal exposure to ETS (14)- The two adducts that have been monitored are 4- 
aminobiphenyl hemoglobin in the blood and benzo(a)pyrene diol epoxide-1 - 
DNA in peripheral blood cells. In addition to being present at low levels* 
neither adduct reflbetfe exposure to a tobacco-specific constituent, thereby 
making it difficult to ascribe their presence to ETS exposure. 


Toxicology of ETS 

Toxicological aspects concerning ETS exposure in humans are an area of: on¬ 
going debate and controversy. A number of reports have appeared alleging that 
chronic exposure to ETS results in adverse health effects in children andladults 
(15, 16). A bodv of literature exists which has provided strong scientific reaso¬ 
ning in dispute of that conclusion (17-1 The principal reason for this contro¬ 
versy involves the nature of the human studies which have been almost exclusi¬ 
vely bv epidermologicaliprocedures. Epidemiology is notoriously weak at esta¬ 
blishing causa li relations at the lbw relative risks reported in studies involving; 
ETS exposure. 

it is unlike!v that this controversy will be resolved bv dependence on further 
epidemiological studies; alternative approaches will have to be utilized inche 
ding studies using animals and "in vitro" systems Jn contrast to the abundance 
of epidemiological studies concerning ETS exposure, virtually no relevant infor¬ 
mation exists on the effects of ETS in animate and "in vitro" svstiems. In studies 
using, animals, the protocols generally have involved exposure to oniv sidb- 
stream smoke and at levels that are unrealistically high compared to ambient 
exposure to ETS (Tablb 1!)* As a result, it is difficult to interpret the results of 
these studies m the context of human exposure. Increased emphasis m ETS re¬ 
search should be placed on develbpmg and utilizing whole animal and "in vi¬ 
tro" exposure svstems and protocols utilizing conditions'simulating; ambient 
exposures. 

It has been suggested that ETS is just a dilute form.of the mainstream smoke 
inhaled bv the active smoker, and therefore, in attempting to understand the 
possible effects of ETS, it is valid to extrapolate from what is known about acti¬ 
ve smoking. There is no evidence to support such; an assertion., While main¬ 
stream smoke is highly concentrated, and its properties are rather well characte¬ 
rized, ETSTs exceedingly more dilute and far more dynamic. Thus* it seems ap¬ 
parent that comparison of ETS exposure to active smoking in a toxicological 
context is of little value (19). 
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EiYpm/mwto/ sfimi/cs ot tmwinl axtK^urcs to sirfcstreanismokc: 


Species 

, Level of Exposure 

Riomarker Air 

Citation 

Mice 

5.95% & 

11.25% COHb' 

— 

(20) 

Rats 

Hamsters 

3.37 COHb 

3.17* COHb 

25 ppm CO : 

(21) 

Hamsters 

— 

2,000 ppm CO 

(22) 

Mice 

Rats 

Guinea Pigs 

17.97 COHb 

19.17 COHb 

40.27 COHb 

— 

(23) 

Rats 

4,6-20.07 COHb 

— 

(24) 

Guinea Pigs 

39.47 COHb 

— 

(25) 

Hamsters 

5-157 COHb 
(approx.) 1 

— 

(26)' 


1 Carboxv hemoglobin; • Carbon monoxide. 
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DEFINITION I OF THE PROBLEM 

Whilst epidemiologists disagree about many 
things, there seems to be universal approval 
for the notion that objective measurement of 
tobacco smoke exposure is considerably more 
desirable tham more self-reporting of smoking 
habits. As with all dogmata, caveats abound, 
one of the most practical of which is that 
without sacrificing reliability, the field test 
should be both simple and cheap. For reliability 
to be conserved, the ideal test would distinguish 
between true non-smokers, non-smokers ex¬ 
posed to environmental!tobacco smoke ((passive 
smokers) and smokers;, maybe even betweeni 
different smoking habits and consumption rates. 
Thus the test would have absolute sensitivity 
and specificity. It Has become quite clear over 
the last two decades that, as various candidhte 
tests have been introduced, the panacea would 
not be found. Pretenders to the crown, such as 
expired! carbon monoxide, percent carboxy- 
hemoglobin and thiocyanate concentration in 
various body fluidfe, have failed to accede 
because of the ambiguities of incomplete sensi¬ 
tivity and specificity. Contemporary laboratory 
technology has answered the clarion call by 
developing such 1 methodology as capillary, gas: 
chromatography-mass spectrometry of 4- 
aminobiphenyl-hemoglobin adducts [1], gas 
chromatography-thermal energy analyzer de¬ 
tection! of urinary N-nitrosamino acids [2] or 
32 P-postlabeling tests for smoking-related DNA 
adducts [3J. Whilst such analyses embody 
contemporary methodology coupled with great 
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precision, by their very nature, they fall outside 
the scope of typical clinical epidemiologic 
survey which simply wishes to relate a measure 
of tobacco smoke exposure to health issues. 
It seems that rather by default, salivary and 
urinary cotinine determinations have evolved as 
the current touchstones of tobacco exposure. 
Apart from its simple determination, and the 
availability, of a rapid result at low cost, there is 
the added appeal that cotinine, as a relatively 
long-lived metabolite of nicotine, can be 
detected in the aforesaid fluids long after 
the “culprit” nicotine has dwindled to meagre 
levels. 

Because the greatest body of experience to 
dkte with cotinine surrounds epidemiologic 
enthusiasts, often with scanty training in drug 
metabolism and pharmacokinetics, the two 
disciplines which underpin the basis of the use 
of cotinine im this context, I believe that a 
critical review of the premises and procedures 
is required in am attempt to examine the mis¬ 
conceptions which can lead to overinterpre- 
tation in what is otherwise an exciting new field 
of biochemical epidemiology. 

My own dissatisfaction with indiscriminate 
use of cotinine as a dosimeter of tobacco smoke 
arises from the trade-off of knowledge for con¬ 
venience. Nicotine is a pyridine alkalbid, one of 
at least 10 identified in cigarette smoke [4] and 
both the qualitative and quantitative distri¬ 
bution of this class of alkaloids amongst the 
flora, their metabolic interconversions in man, 
the issue of the;concentration of cotinine in the 
saliva at the expense of: plksma. together with 
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the extent of intersubject variability in human 
disposition of nicotine and its metabolites is 
both nebulous and poorly ^understood. The 
complex of dynamic interactions which leads to 
a certain salivary or urinary concentration of 
cotinine at one point in time following exposure 
to a defined amount of airborne nicotine needk 
to be dissected. The purpose of this commentary 
is to demonstrate by such a dissection that single 
point cotinine concentrations can give no more 
than a clue to a past exposure to pyridine 
alkaloids of unknown amount, at an unspecified 
time, by an unknown route of entry and from 
unknown origins. 

SOURCES OF NICOTINE AND 
COTININE 

One of the principal premises of the practice 
of cotinine biomonitoring is that nicotine, and 
hence cotinine, is a tobacco-specific alkaloid. 
Cotinine is variously described as “a particur 
lady specific and sensitive marker of exposure to 
tobacco smoke” [5]J “a useful and reliable indi¬ 
cator of nicotine intake” [6] and I “a reliable 
indicator of tobacco smoke exposure” [7]. These 
statements deserve further comment in the 
light of the recent finding of nicotine both 
in Solanaceae plants which are consumed as 
vegetables in our diet and'in instant tea prepara¬ 
tions [8]. Whilst nicotine, with the exception of 
carbon monoxide, is the most abundant single 
chemical in tobacco smoke, with an estimated 
yield 1 of 1.0-2.3 mg per cigarette [9]. with a 
mean nicotine intake per cigarette calculated as 
0:75-1125 mg per cigarette [10], it can no longer 
be considered as tobacco-specific. Significant 
nicotine concentrations (mg/kg dry weight) have 
been found in tomatoes (li.5-3.2^, potato peel 
(9.5-16.1), eggplants (1.9-3.0), green peppers 
(1.3-3.9), green tea (1 -8;—2:4) and two brands of 
instant tea (12.2-28.0). lit is possible to calculate 
from: these data that a person who consumed 10 
cups of team a day, ate food comprising 1 lb of 
tomatoes, aubergines or peppers and 1 lb: of 
potatoes with their skins, might' ingest nicotine 
equivalent to li-2 cigarettes, The confounding 
effect, particularly in vegans and vegetarians, 
upon cotinine biomonitoring of environmental 
tobacco smoke exposure, might be considerable. 
It is hardly surprising that imported foodstuffs 
might contain high levels of nicotine, when 
nicotine is still widely used in the developing 
world as a cheap and effective insecticide. The 
data so far available though, suggest that' 


nicotine is elaborated by the Solanaceae such as 
tomatoes, since it is found not only in the fruit, 
but also the leaf, stem and root [8]. 

Whilst tobacco smoke contains high concen- 
trations of nicotine, it also contains cotinine 
(9-57 /tg per cigarette) and nornicotine 
(27-88 /r g per cigarette) [4]. bothi of which are 
mammalian metabolites of nicotine. Because 
nornicotine can be methylated in the lung to 
give nicotine [11:],, cotinine biomonitoring will 
reveal not only exposure to tobacco smoke and 
dietary nicotine, but also to cotinine itself and 
to nornicotine. Whether or not these latter 
two related I alkaloids occur in vegetables or as 
degradation products of environmental nicotine 
insecticides is not known. 


HUMAN METABOLISM OF 
NICOTINE AND COTININE AND 
ITS INTERSUBJECT VARIABILITY 

It is generally assumed that cotinine arises 
from the metabolic oxidation of nicotine in 
human tissues by cytochrome /M50, although 
which discrete one of the myriad of /®-450 
isozymes effects this reaction is unclbar. What is 
certain is that at any given time the concen¬ 
tration of cotinine in the plasma will depend 
upon not only the dose of nicotine ingested and 
inhaled! but is rate of conversion to cotinine, the 
rates of competing metabolic transformations 
to nornicotine and nicotine N-oxides, the rate 
of onward metabolism of cotinine to its own 
metabolites, together with both the rates of 
excretion of nicotine and cotinine in the urine 
and any sequestration of the two compounds 
within other body compartments which occurs. 
All these complex interactions are then candi¬ 
dates for intersubject variability arising frorrn 
physiological, environmental, pathological andl 
genetic differences which exist between all of us, 
What is so surprising, considering the perceived I 
importance of nicotine, is that the balance of its 
metabolic transformations in man is not known: 
only a fraction of its metabolites have been 
identified. 

For many years cotinine was considered to be 
the principal metabolite of nicotine and indhed 
many authors refer to it as such [10, 12-14]. 
However, recent studies point to trans- 3'- 
bydroxycotinine as the major metabolite of 
nicotine [!15], Parviainen and Barlow [16] 
have criticized this interpretation of the 
chromatographic data and themselves refer to 
“metabolite 5” which behaves: similarly, to the 
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rra/i 5 r 3 '-hydroxycotinine of Neurath and Pein 
[15]. Further studies by these authors [17; 18] 
seemi to establish the pre-eminence of t reins-Y- 
hydroxycotinine amongst the known nicotine 
metabolites. Our own studies have shown that 
the N-oxides of nicotine are more abundant in 
the urine than cotinine after; nicotine: ingestion 
[19]. In studies where, sufficient raw data were 
given to assess the extent of variability in co- 
tiinine levelk under constant smoking conditions; 
the amount of intersubject variation observed! is 
large. For example, the data cited by Neurath 
and Pein [15] for 9 subjects, who each smoked 
19 cigarettes (each 1.35 mg nicotine) per day for 
6 days, show that the plasma nicotine concern 
trations varied from 7-44 ng/tnl, the cotinine 
from 41-344 ng/tnl and the mm-3'-hydroxy- 
cotinine fromi 24-160 ng/mi, giving 6-, 8- and 
7-fold variations respectively, with the greatest 
for cotinine. Similarly in the urinary studies 
of Cholerton et al : [19], cotinine excretion 
displayed the highest coefficient of variation of 
any metabolite. Cytochrome i > 450-mediated 
metabolic oxidations are frequently subject 
to genetic polymorphism [20,21] and as yet 
undefined genetic polymorphism may underlie 
this observed variation. What can be said is that 
plasma and I urinary concentrations of cotinine 
do not reflect the dose of nicotine entering the 
body,. 

DISPOSITION OF COTININE IN SALIVA 

In spite of the fact that a wide variety of dhigs 
is subjected to therapeutic monitoring, for very 
few is this routinely done so in saliva instead of 
in plasma. It is only really for certain anti¬ 
convulsant drugs that the ”non-invasive" 
salivary protocol! has become a reality., It is 
noteworthy that Danhof and Breimer [22], in 
their review of therapeutic drug monitoring in 
saliva; conclude “In single dose studies, many 
discrepancies in the saliva/plasma ratio: have 
been described; especially during periods of 
drug absorption. It is probably not possible to 
conduct reliable pharmacokinetic and! bio- 
pharmaceutical single dose studies based upon 
saliva data alone”. The subsequent decade has. 
witnessed a> gradual abandonment: of the use 
of saliva in therapeutic dhig monitoring. 
Nevertheless, salivary cotinine continues to be 
popular with the epidemiologists [23~25]j. 

Two characteristics of a drug determine its; 
penetration into saliva, its ionization constant 
expressed as a p K a value and the fraction! 


unbound to plasma proteins. In the case of 
nicotine, both nitrogen atoms are ionizable with 
pA^s of 8.02 and 3.12 [26], meaning that 
nicotine is both mildly and weakly basic. 
Cotinine however has lost its mildly basic 
pyrrolidine nitrogen to become a lactam, 
ieav.ing only the weakly basic py name:nitrogen 
with a pK, A of 4.37 [27]. 

Unlike nicotine, which* is, too basic, cotinine, 
with a pA'a of less than 5.5, is now able to freely 
enter salivai [28]. However, there is some con¬ 
tention! that cotinine enters too freely, and! is 
somehow concentrated by the gland, giving 
artificially high estimates of the plasma concent 
tration [7], although this has been the subject of 
a strong debate [29, 30]. It is not unusual for 
drugs to be concentrated in saliva and this is one 
of the hallmarks of lithium which is actively 
transported into saliva to reach concentrations 
2 2-3.3 times higher than plasma [22]. Active 
transport has also been proposed for both 
phenytoin and penicillin [22]. Accordingly either 
single spot concentrations or pharmacokinetic 
profiles of cotinine in saliva may over-represent 
the true disposition of the compound in plasma, 
thus clbuding interpretation of such data. 

ANALYTICAL DETERMINATION OF 
COTININE 

A constellation of individual methodolbgies 
has been published. Many determine nicotine 
concentrations simultaneously. Many of the 
most sensitive, specific and reliable assays re¬ 
quire the participation of a mass spectrometer 
[12, 31,32] which is not available to most re^ 
searchers. Gas chromatography using nitrogen- 
sensitive detection has also been employed 
[|14, 33]. The ubiquitous HPLC has been applied 
to the problem [13,16,34,35]. Probably the 
biggest advance has been the appearance of an 
enzyme-linked immunosorbant assay (ELISA) 
using a monoclonal! antibody which recognizes 
cotinine [36]. Although only minimal cross¬ 
reactivity with nicotine and nicotine metabolites 
occurs; until the discovery by Neurath and 
Pein [15] that /rarts-3'-hydroxycotinine was. 
the principal metabolite of nicotine hitherto, 
no assessment of cross-reactivity between the 
commonly-used anticotinine antibodies and 
//iartS-3'-hydroxycotinihe was performed. In¬ 
deed this major metabolite cross-reacts by about 
30% with the polyclonal rabbit anticotinine 
antiserum commonly used to determine cotinine 
levels by ELISA [37]| 
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USES AND ABUSES OF COTININE 

Itv situations where the cotinine concen¬ 
trations are massively elevated, such as in the 
urine, blood and saliva of active smokers, 
cotinine determinations should in principle 
serve a useful purpose in verifying sel ft repo rted 
smokers and non-smokers. The experiences of 
Jarvis et ai [24] are salutary in this regard. 
These investigators studied 21!5 outpatients 
attending cardiology and peripheral vascular 
clinics where a reasonably high proportion of 
cigarette smokers were anticipated. Accurate 
self-reporting of smoking status was encouraged 
by guaranteeing confidentiality and anonymity 
of responses. Eleven different biomarkers of 
smoking were determined on each subject in¬ 
cluding expired carbon monoxide and %COHb; 
plasma, saliva and urine thiocyanate, nicotine 
and cotinine. Plasma cotinine gave the best 
discrimination between self-reported smokers 
and non-smokers, but nevertheless 21 ! self- 
reported non-smokers had' plasma cotinine 
levels similar to the smokers (cut-off 13.7 ng/ml! 
cotinine). These 21 anomalous individuals were 
labeled “Deceivers” by these authors, even 
though 5 of them did not have raised! 
thiocyanate levels and 3 had expired CO 
levels below the smoking cut-off of 5.6 ppm. 
Presumably the anonymity also protects; the 
authors from litigation. What is most surprising; 
is that no comment is made by the authors 
about the 9 self-reported smokers who had 
plasma cotinines below the cut-off of 13.7 ng/ml. 
In spite of its better performance than other 
biomarkers tested, plhsma cotinine could still be 
seriously wrong on an individual case basis; in 
this study. Using pejorative terminology such as 
“deceiver” to label a patient as a liar is in my 
view not only highly invasive of that patient's 
human rights but also unscientific. It may very 
well be that* by trading knowledge for con¬ 
venience, an unusually high dietary intake of 
nicotine and cotinine has been overlooked, or a 
pharmacogenetic variant in nicotine/cotinine 
metabolism has stealthily been at work, or for 
that particular sample the assay did not perform 
adequately. This may be particularly important 
wheni issues of minor nicotine intake, such 
as environmental tobacco smoke, are being 
considered, where the signal-to-noise for 
cotinine valiies might be seriously confounded 
and compromised by diet and pharmacogenetic 
variation. Again the literature contains such 
possible examples: 330 non-smoking adolescent 


schoolgirls in south London were studied by 
Jarvis et al [38]. They were partly categorized 
as non-smokers by having salivary cotinine 
concentrations of tess than 14.7 ng/ml [24]. 
The authors claim that the high correlationi 
(r = 0i75; p< 0.0001) between non-smoking 
girls’ salivary cotinine concentrations on two 
occasions 1 year apart was due to a constant 
home environment where either or both parents; 
smoked indoors, Thus, the pattern of salivary 
cotinine due to the breathing of one or both 
parents’ smoke was maintained with high repro¬ 
ducibility over 12 months. At least this is the 
interpretation put on the findings by the authors 
and they may be right, but! they have ignored the 
possibility that an individual's salivary cotinine 
level is fixed by a combination of environ¬ 
mental, physiological and genetic factors and 
not merely by one exposure factor. From my 
perspective as a pharmacogeneticist a great deal 
of work is yet required before such weight can 
be attributed to salivary cotinine concentrations 
as is often witnessed. The full metabolic picture 
of nicotine is not known, the extent! to which 
single genes can determine individual patterns 
is unknown, the complete dietary spectrum of 
nicotine and relkted pyridine alkaloids is un¬ 
available at present; and the ability of salivary 
glknds to concentrate cotinine is still under 
debate. I believe that the time is right to trade 
some expediency for proper investigation of the 
problem l 
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Correlating exposure to environmental tobacco smoke 
exposure with increased incidence of lung cancer in non 
smokers : is cotinine a valid marker ? 
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ABSTRACT 

Environmental Tobacco Smoke (ETS) is a complex mixture of Exhaled Mainstream (lEMS) and Sidestream 
Smoke (SS) composed of gases and Respirable Suspended Particles (RSP). It is both a highly diluted and an aged 
mixture the composition of which is difficult to assess. Based mainly on syllbgisms it has been hypothesized that 
exposure to low levels of ETS increases the risk of lung cancer in nonsmokers. There is no question that nonsmo¬ 
kers living in the presence of smokers are exposed to tobacco smoke constituents. But, to conclude on the signifi¬ 
cance of such an exposure, in term of increased incidence of lUng cancer in non smokers, can only rely on a quan¬ 
titative biomonitoring of exposure to agents proven to play a causative rok in lung carcinogenesis. Nether nicoti¬ 
ne nor its metabolites are likely to be precise markers or exposure to such chemical*. Molecular epidemiology 
offers a promising, but still to be validated, tool to meet such a challenge by measuring proteins and/or DNA 
adducts in serum or unine samples. 

Key words: tobacco smoke, cotinine, lung cancer, cancer risks. 


INTRODUCTION 

E 1 NVIRONMENTAL TOBACCO SMOKE (ETS) is 
a complex mixture of exhalfed mainstream smoke 
(EMS) and sidestream: smoke (SS) composed of 
gases and respirable suspended particlbs (RSP) [see Table 
131-3) for definitions]. It has been hvpoihesized : (4.5):that 
exposure to low levels of ETS increases the nsk of lung 
cancer in non smokers* Two syllogisms support this hypo¬ 
thesis: [I] a): if: ETS is chemically analogous to mains¬ 
tream cigarette smoke (MS ) ; and b). MS is known to 
cause lung cancer in active smokers;; then c). ETS causes 
lung cancer in passive smokers; (2):] a): if ETS contains 
lung carcinogens, and b>. it is generally assumed that no 
dose threshold exists for carcinogens; then c). ETS is a 
lung carcinogen. There is no question that non smokers 
living in the presence of smokers are exposed to tobacco- 


D«flnJ ttotts 


E-nvinonmeoiAj u>6*cco smoke or ETS 

A rrusnur of diluicd ind *ged gases uid solid! suspended panicles resulting 
from * combination of: sidestreani 1 tmoke fSS) (80^90%) and exahled rnams- 
creaxn smoke (EMS) < 10-209H 

Mainstream smoke or MS: 

The cigarette smoke drawn throogfcl the tobacco into smoker s mouth 
Exhaled mainstream smoke or EMS:: 

The fraction of MS not retained b> the smoker and exhaled tn the air (EMS is 
not identifies! to MS because 11 has been substantial!;, depleted inivapor phase 
consumerm and because the particulate matter is likely to have increased its 
water content); 

Sidestream smoke or SS: 

The smoke e mi tied by burning tobacco between pu/Ts and/or the aerosol emit¬ 
ted id the surrounding air from a smoldering tobacco product between puff 
draw mg and/or all I ofi the tobacco smoke issued apan i from the MS; which is 
delivered 10 the smoker 

Respirable suspended particles or RSP 
The solid phase ofilhe aerosol 


Tabie! Definition^■< 1 I 


smoke constituents. Self-reported exposure to ETS as well 
as the use of biomarker like nicotine or cotinine are cer¬ 
tainly valid means to help epidemiologists register the 
extent of such exposure. However, its significance in 
terms of increased incidence of lung cancer in non smo¬ 
kers cannot simply be derived from: syllogisms. For a 
molbcular toxicologist, such a ,conclusion can only rely on 
a quantitative biomonitoring of exposure to agents proven 
to play a causative role in lung carcinogenesis 

Indeed, since the exposure level to ETS is likely to be low 
compared to active smoking (3.6), since many confoun¬ 
ding factors (like radon exposure. misclUssification of 
light smokers, former smoking habits, and dietary factors.) 
are hkelv to exist: one has to recognize that the classic epir 
demiological methods alone may not be sufficiently sensi¬ 
tive for scientifically establishing:that ETS exposure plays 
a significant role in the incidence of lung cancer m ETS* 
exposed non smokers. (3). Such a conclusion needs to be 
supported by dosimetry’ which not only, confirms personal 
recordkof ETS exposure in quantitative measures of a 
reliable parameter but also demonstrates that such an 
exposure has indeed led'to a significant intake of carcino¬ 
genic components. Various biomarkers of exposure to 
cigarette smoke [see Table 2 (3; 7-tO)]! have: already been 
proposed with tihe: aim of! developing a qMantitatuve 
approach to the epidemiology of diseases m non smokers, 
panicularly lung cancer. These include measures, of plas¬ 
ma. salivary and/or urinary concentrations of either (alia 
major, specific tobacco smoke molecule and/or us main 
metabolites or (b) the end-products of the metabolic acti¬ 
vation of carcinogenic components in tobacco smoke 

The aims of the present paper are 

I ) to review the data on the quantitative biomomtonne of 
exposure to ETS based on nicotine and/or cotinine measu¬ 
rements in physiological fiUidk 
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r;5 Hv.vcer jui rna-l ; .• wj. 

2) tt> dibcuw the relevance of the>e biomurkers in js*e>- 
>mg any increase in lung:cancer incidence associated w ith 
exposure to ETS 

propose new 1 approaches likeik ;o mores^ier:!- 
t ’ c... ’' re I ex am '^evaluate evp-'-are !■> E Ii< ':>k 


! , ,|:jM<)MIOK!\(, K I s RM'mM KK: \.k(V Jii \\ 
v) i i I i if l) V i V 

from ineaMinemenrv of .ae relevant biomarkerv made on, 
easily accessible physiological tluids by using a simple, 
readily, available analytical method. Bio markers are ai 
measure of dose or uptake and hence an indicator; that am 
exposure has taken place'' i5k 

An ideal biomarker of exposure to ETS i5. H0» must: 

a) be chemically specific to ETS; 
brhave a long half*life in the body: 

c) be present in sufficient quantity in tobacco smoke so 
that: it can be measured even at low levels of ETS exposu¬ 
re: 

di be characterized by similar emission rates for a variety 
of tobacco products: 

e:> be in a fairly constant ratio to different combustion pro¬ 
ducts of: tobacco smoke consutuems ac.cro.ss different 
brands of cigarettes and for a range of environmental 
conditions encountered: 

ft be either the agent which is associated with the suspected 
effect* s-j or strongly associated with the agent of interest. 

Of the biomarkers (Table II (3: 7-llOrj which Have, up to 
now. been developed to a significant: stage to monitor; 
tobacco smoke exposure by active: smokers., only nicotine 
and: its, metabolite cotin me have: been used repeatedly to 
monitor exposure to ETS. Indeed, they have been propo? 
^.ed as the most specific andlthe most, sensitive markers: 
presently available t 11) But. as underlinedlm the US-EFA 
document! 15 ): 'although these biomorikers, f may) demons? 


Bkhi? anker 

CtwnnetitJ* 

carbon monoxide 
earbox s hemoglobin 
thiocyanate 

not tobacco specific 
oot sufficiently seosmve 

un nary thioe the rs 
unnarv mutagens 

rw tobacco specific 
commdicxorv results 

solaaesof 

not enough date yet ■ 
available :to: validate 

N-rutrosoroline 

N rutrovothtoproiusc 
aromauc amines 

tick of data and sensiDviry as well u 
reLahibry of analytical procedures 

protein and hJDA adducts 

promising technique, but soU to be vab- 
dated isee this paper) 

mcoudc. coaiune. ,aod 

3 -hydroxycoanine 

see this paper 


Table II Major biomartert of tobacco smoke exposure sne of the art 

•These comments have been taken directly from the references anc they express the 

current ^lentihc concensus 


irate that an exposure has taken place, they mav not be 
directly related to potential for development ot the adverse 
effect under study ' 
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nine/24h are meaningful! The general conclusions of:these 

studies are that: 

a n the experimental data are not al ways comparable 

. rvrr indies. in particular with regard ro uri- 


,-ngt" rial;--! 1 1sr. coiimrre is likely ;»> oc, - 
•:-."rc • marker than nicotine. 

v.:. .. i l■ concentrations of cot!nine correlate 

: :r. r- r ...' n c e n t ra! i o n *. 

: • pj-.H -j v:ni.»ker:>- h.r.e. in their p:h> siologtcai: fluids, 
concentrations oi cotinine equivalent to few ng/ml or 
ng/mg creatinine as compared to hundreds or thousands of 
ng-ml or ng?.mg creatinine in active smokers; 
e# such parameters might be valid for estimating acute 
exposure to relatively high levels of ETS : 
ft at 16s*. levels of exposure to ETS . non-smokers have 
concentrations of nicotine and/or cotinine in their biologi¬ 
cal fluids, which are not very different from those measu¬ 
red in non-smokers not exposed to any identified ETS [ 
Table III and IV (7, 12-27):] As early as 1984. Jarvis et 
at. l?i reported that "the majority of non-smokers in UK 
may have measurable amounts of tobacco-specific chemi¬ 
cal in body fluids” Proctor et all (I3)have also expressed 
their doubts about the validity of salivary cotinine al low 
levels". Moreover, in a large nationwide survey conducted 
in the US under the auspices of the CDCN National [Center 
tor Env ironmental Health and the National Center for 
Health-Siams;ticv i 28i. I OOfr of the 800 persons so far ana- 



= Mito:' rncucMii. pain* j> * ot pnma/\ C ojudalion* oi mcount »n fturr.am 


ly sed were reported to have measurable levels iG 03 to 650 
ng/ml > of cotinine in their serum There is no reason tc 
beiieve that all these people either smoke or are exposed io- 
r;7> !: confirmed. »uch an obse.rvanon would ha -e im?..- 
rrac.ricai ^.oriNeq.ue.nc.e.N Indeed; wncn ci>rre. .■;?/ 
r.ary . .>unine .jvj biomarker of ETS • exposure w;:r, incrca- 
- eJ of lung 1 career: one would have -to. refer, to incrcj 
-e.d ^vuinine vCmeentrations 'meaning the dr: 1 ,eren 

ce be-weer. ETS exposed and non-exposed.individuals, 
noru absolute values 

ARE NICOTINE AND/OR COTININE RELEVANT 
BIOMARKERS FOR CORRELATING ETS EXPO¬ 
SURE WITH INCREASED INCIDENCE OF LUNG 
CANCER ? 

As indicated above, a relevant hiomarker must be unique 
to the source of exposure. But nicotine, and consequently 
its metabolite cotinine. are not unique to tobacco smoke 
It is present in edible plants of the family of So/anaceae 
(like potatoes, tomatos,...) as well as in a number of teas, 
especially instant tea. Davis et at (29) have calculated a 
range of potential! values for urinary cotinine concentra¬ 
tions! f0.6^6.2ng/ml) based upon estimated average and 
maximal consumption of: foods and beverages; nicotine is 
also consumed as nicotine gums or nicotine denmail 
patches as well as in chewing or wet snuffing of tobacco 
Finally, nicotine is still used as an insecticide in the form 
of decoctions of tobacco leaf and it is known that nicotine 
persjts.in soil Besides ETS. miscellaneous sources; of 
exposure to nicotine thus exist. They may contribute 
significantly to the buildhup of its metabolite!si in the 
plksma: saliva and urine of non-smokers Because of us: 
short h a I if - In fe in humans (30-33). nicotine iis not: a> 
valuable marker This is the reason why cotinine is classi¬ 
cally used to biomomtor exposure to tobacco smoke., 
including passive smoking However, large intenndiv i- 
dual variations exisi in the biodisposmon of cotinine. as 
show n by the sometimes large variabilities in reported 
urinary excretion < }4. ||5. l~-19i Moreover this metabo¬ 
lite wouid be a relevant biomarker for ETS exposure only 
if it' ns- one of me major endrmetabolites of the parent 
compound However tni" iv not the case. Indeedl nicotine 
is extensively metabolized iFig 1 i via;a human cytochro¬ 
me P450-dependent mixed function oxidhse to form the 
iminium ion: w hich is then oxidised, by a sellable aldehy¬ 
de oxidase <34. 35 1 . to cotinine (36. 37 1 This metabolite 
does noi readily accumulate because rt i:s further 
hydroxy lated to 3 -hy droxy,cotinine (either free ongluc.u- 
ro:no*eoniugated >; the major excreted human metabolite 
of nicotine <138-431 Thus from a strictly pharmacokinetic 
point of view, the relevance oficotinine measures for bio- 
monitonng tobacco smoke exposure: particularly at low 
levels, is questionable At the very least, studies need to 
be performed to compare both cotinine and 3 ! -hydroxyco¬ 
tinine as potential markers for exposure to nicotine 

Another question w hich also needs to be addressed is the 
ratio of nicotine land thus indanectily cotinine or 3 - 
hydroxy cotimne i to other tobacco smoke; constituent (for 
example polycyclic aromatic hydrocarbons, rmrosaminev. 
aromatic amines; i Is this ratio constant:enough far mea¬ 
surement to be extrapolated to the other?’To. meet such a 
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requirement, it has to be demonstrated that the ETS to 
which non-smokers are exposed! has, the same composi¬ 
tion MS. the reference product for defining potential 
n>k of lung cancer. How.ever. ETS is composed!of'SS r~5- 
andi EM'S > 20-25^ » which are both physically. jn 
. ~c:ru.. *;:??£. rent *'r> r n MS *2. 3 *: 4U • * The 

r : MS SS -a, huh arc reitr- u:v: 

• u .:r ane. attnhutanie, to- dsfiferencev [lj imthc 

- rr.rcT r „rc o■ <«: :he: tobacco «9< mi C and 

*■■■"" C :a>pcu:-L-.-■. 2. ■ n the pHAb'O-b.” and'h 5 re^- 

ps.u:i-..c:y . .r: :hc decree and the rate, of 'dilution- with 

ain . [-lj m the «>ize ot RSP Uh I -1 0 and 0 (H - b (): micronv 
respectively, c and [L5|; the relative composition of the gas 
as compared to the panicle phase iparticularly nicotine, 
which is predominantly in the particle phase of MS but in 
the v apor pha*e of SS i Know ledge of the composition of 
EMS is very limited and comparative analysis have not 
been: reported! Thus, n is likely that ETS may contain most 
ofi the chemicals so far identified in MS. Bui. as underli- 
nedlin the US-EPA document i5». “few emission data have 
been collected! under conditions more typical of actual 
smoking:conditions,...[and] it is not known: how the MS 
andlSS air contaminant emission data for specific com¬ 
pounds generated by standardized testing protocols com¬ 
pare to data gathered under conditions more representative 
of actual smoking ’ 

The last point concerns, the bioavaiilabihty of nicotine, 
which, according to various reports, differs significantly 
between individuals and in non smokers as compared to 
active smokers (23. 24. 30 1 Indeed, high doses of MS 
induce the enzymes metabolizing not only nicotine but 
also a wide variety of xenobioncs. This effect is unlikely 
to occur m non smokers exposed to low- doses of ETS 

As a 1 consequence of these differences between MS and! 
ETS, estimates of ETS exposure based on measures of 
nicotine and/or its metabolite! s;) in biological fluids of 
nomsmokers (except perhaps in shon-term acute andIquite 
unusual exposure to high dose of ETS!) is likely to be mis¬ 
leading, at'least.in terms ofi increased lung cancer inciden¬ 
ce Furthermore, because of the differences between ETS 
and MS as well as because of intenndividual variations ini 
biodisposuion.of: nicotine, it is difficult:to anticipate whe¬ 
ther the values will be over or underestimated 1:17.,45). A 
recent paper (46) repons data in guinea pigs exposed to 
MS or SS which demonstrate that urinary cotmine (ng/mg 
creatinine) does not correlate with the total amount of 
inhaled RSF (mg/kg bw/day). In animals exposed! to MS 
or SS from 6 (54 puffs) or 8 (70 puffs) cigarettes, total 
inhaled RSP were 23 ± 0.7 and 283 ± 1.4 mg/kg bw/day 
respectively after MS exposure, but only 1.5 ± 0.4 and 1.8 
± 0.4 mg/kg bw./day after SS exposure. In the same ani¬ 
mals. unnary cotimne (mg/mg creatinine > reached 8.1 ± 2.3 
and 1 103: ± 1.8 respectively after inhalation of MS and 3.7 
± 015 and 10.6 ± 1.5 respectively after exposure to S;Si 
Based! on these data, the calculated ratios between the 
amount of; absorbed! RSP and the quantity of urinary cori- 
nine. expressed as mg RSP /kg bw/dav per ng cotinine are 
2.7 and 2.9 after inhalation of MS but only 0.17 and! 0.4 
after exposure to SS Since ETS is mainly composed of: 
SS. such data, if indeed applicable to human exposure, 
would indicate that an equal amount of unnary cotimne. in 


MS versus SS i ETS i-exposed individuals, represents quite 
a different exposure to RSP Al though they mav excrete 
ihe same amount of urinary cotimne: SS i ETS -expoved 
people might Have been exposed to 10 times le^-. RSP than 
MS-exposed sm^kerc a conclusion which w . m-- 
w::r.. - .r.e Jilleren.e- :n distribution * 

_r- : ^nd. part:L..,j:c prices,ot MS ^::j;ETS: 

YEW DIRECTIONS TOWARDS A MORE RELE¬ 
VANT BIOMONITORING OF ETS EXPOSU RE SO 
AS TO CORRELATE WITH INCIDENCE OF LUNG 
CANCER IN NON SMOKERS. 

For ETS to be considered as a risk factor for: Ibng cancer 
m non: smokers, calculations: should be based on defined 
exposure to relevant chemicalA Neither nicotine: nor its 
metabolites are likely to be precise markers of exposure to 
such chemicals which are mainly bound to RSP: whereas 
nicotine is in the vapor phase of ETS. Monitoring of ETS 
exposure should rely on measurements of bioproducts im 
physiological fluids which are directly and quantitatively 
denved from constituents like polycyclic aromatic hydro¬ 
carbons. aromatic amines or niiroiammes.... which are 
mainly in RSP t 17] 47>. Molecular epidemiology, as it has 
developed dunne the last decade, offers a promising, but 
still to be validated, tool to meet such a challenge by mea¬ 
suring proteins: and/or DNA adducts ini serum or urine 
samples 1 48. 49 1 ; 

Specific and very sensitive analytical methods 150. 5L) as 
well as molecular biolbgy techniques able to identify and ! 
quantify modified nucleotides in DNA or modified pro¬ 
teins are presently available, and should be applied to cor¬ 
relate objectively lung cancer with exposure to specific 
chemicals in non: smokers. They are indeed unique in pro¬ 
viding the specificity which is required to precisely quan¬ 
tify precisely the low levels.of exposure occunng in invo¬ 
luntary absorption of ETS Such an approach would meet 
the requirements discussed by Monro (52) under the utlfc 
Contemporary issues in Toxicology: What is an appro¬ 
priate measure of exposure when testing drugs for carcino¬ 
genicity in rodenis: r By reference to the concept of biolo¬ 
gically effective dose introduced by Perrera (5.3 j. Mbnro 
(52 i underlines that "the toxicity of the dfug was not 
reflected:by ns.plasma^concentration: instead it depended 
omthe amount convened to a reactive metabolite which 
then went on to bind with ai critical macromolecule" and 
that w hen chemical carcinogenesis.is mediated via a reac¬ 
tive metabolite binding covalfcntly to a criticaJ macromole¬ 
cule.the first determinant of the: biologically effective 

dose is that proportion of the administered dose that ts 
con vented i to the key reactive metabolite The consequence 
... may be also influenced by the rate at which the reactive 
metabolite becomes available, which in turn may depend 
omthe rate ofi drug administration...a brief! high pulse of 
reactive metabolite [:as it occurs in inhalation of MS ] 
could have different consequences from a prolonged lower 
delivery rate [as it occurs in ETS exposure] ...“. This dis¬ 
cussion is relevant to our subject. Indeed: only the evalua¬ 
tion of the biologically effective dose is likely, to allow a 
correct biomonnonng of exposure to be used for conclusi¬ 
vely correlating exposure to ETS with any increased inci¬ 
dence of lung cancer. A, similar proposal was made by 


Source: https://www.industrydocuments.ucsf.edu/docs/ffnmOOOO 
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Lucier (mi 49) in a symposium held at the 29th annual 
meeting of the Society of Toxicology. This topic has 
recently been reviewed extensively in the excellent article 

of 'Gro-'pmar: and K-emslb: i54‘i entitled "Molecular bio- 

One candidate chemical for suen an approach iv the arc- 
.::Tune -l- a;n rnobiphor, y I i4-AB.Pi Because tL> 
conoentrauor is higher i r: 3(F nines > in SS. it might be ai 
more re !i uric hiomanker tor exposure to ETS than nicoti¬ 
ne Metabolic activation and covalent binding to macro¬ 
molecules. m particular hemoglobnn (Hb'h yields an 
adduct. This might serve as a surrogate marker for DNA 
adducts to evaluate a biologically effective dose 155). 
Available data, al though still preliminary, show that the 
methods are indeed adequate to assay the low levels of 
adducts found in the biological fluids of non smokers (a 
few pg/g Hb) and that a relationship might exist between 
exposure to ETS and the levels of 4^ABP-Mb adducts in 
non smokers (9. 55-58) Such a new experimental approa¬ 
ch will require extensive research before being validated 
to assess real exposure to ETS and to establish a link bet¬ 
ween such an exposure and increased risk of lung cancer. 
Among other questions which need to be answered are. 

[ ; 11 the specificity of ETS as a source of 4-ABP: [2] the 

pharmacokinetics of 4!* ABlP-Hb adduct formation in 
human blood and relating its level to the time, duration, 
frequency of exposure to well defined ETS. (3j the quan¬ 
titative if any. relationship between a specific "dose" of 
ETS and the blbod level of the adduct; and.[4] the correla¬ 
tion., if any between the 4-ABP-Hb adduct and other 
adducts likely to be formed because of exposure to other 
agents. Indeed 4-ABP is. not recognized as a lung but; 
rather as a bladdfcr carcinogen, and there is,no convincing 
epidemiological ev idence to suggest that the risk of blad¬ 
der cancer is increased! in non smokers, Since polycyclic 
aromatic hydrocarbons and in particular benzol axpyrene 
i?9i. as well as nurosamines, (50 1 . also form, adducts, it 
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Correlation entre le tabagisme passif et rincidence accrue de cancers pulmon&ires: la cotinine est-elle un marqueur 
valide ? 


RESUME 


La fumee du tabac present* dans Tenvinmnement est un melange complex* de la fumle exhalle par It fumeur el la 
fumle qui s’tchappedu tabac en combustion. Cette fumte est compost de substances volatiles et de particuies 
solides en suspension qui fonnent un aerosol respirable. Elk est tout k la fois tuts dilute et vielllie par rapport k une 
fumte inhake dont la composition est qualitativement et quantitatJvement difftrente. Eh utilisant deux syllogismes, 
I’hypothkse a <k tmise que l 'exposition k de faibles doses de fumte de tabac present* dans l'envlronement augmen- 
te le risque de cancer du poumon chez les non-fumeurs. II est Evident que Its non-fumeurs qui vivent en presence 
d'un fumeur sont exposes i certains constituents de Ik fumee du tabac. Toutefois, pour pouvoir conclure a la signifi¬ 
cation d'une telle exposition, en terme d'incidence accrue de cancer du poumon chez les non-fumeurs, it importe de 
disposer des rtsultats quantitatifs qui demontrent une exposition a des agents connus pour jouer un role causal 
dans la canctrogentse pulmonaire. Ni la nicotine, ni ses metabolites ne sont des marqueurs precis de I'exposition k 
de tels agents canetrigtnes. L'tpidtmiolbgie moltculkire permel dlenvisager une approche de cette question en 
mesuranf des adduits aux prokines ou a l’ABN dans le serum ou les urines. Toutefois, une telle approche doit enco¬ 
re etre validee. 
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Environmental tobacco smoke (ETS) is often cited u a Key factor in indbor air quality (IAQ) and 
public health. However, there are few studies which attempt to actually calculate the impact ETS 
haron IAQ or the doses of ETS one may receive from possible exposure ib a variety of different 
settings. This paper reviews the data on indoor air published since 1980 and estimates the portion 
of various constituents w,hich are produced by ETS. It can be observed that, in most instance*,, 
ETS has only a minor impact on IAQ. Retained dbses of ETS particles are calculated for various 
exposure scenarios using respirable particle concentrations associated with ETS, time activity 
patterns, respiration rates and retention rates. Total doses range from'3-40 mg/y, This dose level 
dbeii not seem to support the summary relative risk of: 1.35: that has been claimed from meta- 
analyses ofi epidemiologic studies of spousal smoke exposure and lung cancer. 


INTRODUCTION 

Interest in indoor air quality (IAQ) is: steadily 
increasing. The factors which affect IAQ and the 
health effects reportedly associated with it are the 
subject of intense debate. One of the IAQ issues 
which generates the most interest and emotion is 
environmental tobacco smoke (ETS) exposure and 
its reported health effects, ETS exposure has been 
claimed to be associated with health effects as diverse 
as childhood respiratory disease, lung cancer,, and 
cardiovascular disease (Repace and Lowrey 1985; 
U S : Surgeon General 1986; National Research Coun¬ 
cil 1986; Wells 1988; Gilanu and Parmley 1991; USEPA 
1990). 

ETS is a complex mixture of many substances, the 
concentrations ofi which will vary with time, room 
ventilation, and proximity to the source. Since not all 


of iits componems are removed firom the environment 
at the same rate, the concentrations of ETS com¬ 
ponents also vary in relation to each other over time. 
Because of this, ills difficult to accurately determine 
exposure to ETS and, further, whether the health 
claims are realistic in terms of this exposure. 

Sterling et al. (1982) performed a comprehen¬ 
sive review of: components of ETS measured in 1 
different environments and under different smoking 
conditions. Since that review was completed, there 
have been many changes in both indoor environments 
and* analytical methodology. Because of this, a new, 
review of the literature pertaining to indoor air quality 
and environmental tobacco smoke is appropriate. 

This study assesses the literature on indoor aiir 
quality, and ETS published since 1980. Using the data 
collected; it alfeo attempts to determine what levels 
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of substances measured indoors may result from the 
presence of ETS and calculates some of the doses 

He; exo^'-d: ? rr-' *- 

INDOOR AIR AN ID ETS; REVIEW. 


The literature search was restricted to work which 
took place in the U.S. and Canada and was publish¬ 
ed after 1980. There is important IAQ data being 
generated in European and other countries. How¬ 
ever, potential differences in building age, ventila¬ 
tion types, room sizes and other factors may prevent 
data from other countries from being comparable to 
the U.S./Canadian data. This study limited the litera¬ 
ture to the countries where the data were believed to 
be more homogeneous and essentially reviewed the 
literature published since the Sterling et al. (1982) 
review. 

The following indoor air components were chosen 
for evaluation: respirable particulates (RSP); carbon 
mono xide; n icotine; ni tro gen dioxide; form aide h y de; 
benzene; polycyclic aromatic hydrocarbons (PAH); 
and nitrosamines. 

When it was obvious that structures and sampling 
protocol for data' acquired in' countries outside 
North America'were similar, it was included 1 with the 
USA/Canada data. In instances where relatively 
little information was;available or the data from 
all countries were similar, information from other 
countries also was used!. 

The information was recorded in the following 
categories: 

1. Homes—includes single family dwellings and 
apartments, 

2. Offices, workplaces, and public facilities—in¬ 
cludes offices, work sites, schools, universities, 
hospitals, retail stores, museums; libraries, clinics, 

rocery snores, laundromats, and public transporta¬ 
tion stations. 

3. Restaurants 

4. Bars/taverns—includes betting shops, billiard 
parlors, bars, and taverns. 

5l Public transportation—trains, buses, subway, 
and autos. 

The dhta were selected from the literature using 
the following criteria: 

If no mean was given, generally, the data were 
not reported in this document unless there were in¬ 
dividual values given to make it possible to calculate 
a mean. If there were 10 or more samples and a 
median was given, the data were reported. Both 
arithmetic and'geometric means are reported. Ilf an 


arithmetic mean was given, it was; used in: any suo- 
seouent calculations: 

point in time not as rcpriesfentiair. 
several s am pies at: differ, erv ^ ; v. 

!o:nger duration. 

For respirable particulates, if the data were reported! 
as total particulate matter (TPM), the data were not 
used. If the sample was PM 5,0 or less, the data were 
reported. 

The data' were recorded with a preference for 
gravimetric data on RSPs. When gravimetric, light 
scattering, and piezobalance dhta were all present, 
the gravimetric data were usedl If data from only one 
of these three methods were present, these data were 
used. 

This paper focuses upon the scientific litera¬ 
ture pertaining to the quantification of indoor air 
quality. Hence, the papers reviewed are those that 
have measured levels of substances in indoor air. 
Odor may play a part ini the acceptability of indoor 
air to occupants or visitors to any particular en¬ 
vironment, but the evaluation of odor in offices is as 
yet somewhat subjective and poorly quantified. ETS 
clearly may inflluence odor perception in some 
situations, and the existing scientific literature: on 
this matter has been reviewed. Because of both the 
scarcity of data on this issue and the subjectivity of 
the data that do exist, odor has not been considered 
as a quantified element iin: the data tabulated in this 
report;. 

Results 

The results of the: literature review on indoor air. 
components are in Tables 1-8. Each: table is a sum¬ 
mary of one of the components: reviewed. Units of 
measurement iin the tables are reported the same as 
authors presented them in their studies; Conversion 
factors for ppm (parts per million) and ppb (parts per 
bi 111 ion) to ^tg/nr are given where appropriate. Tables 
9, 10, and 11 summarize the ddta for RSPs, CO, and 
nicotine. Nitrogen dioxide, formaldehyde, benzene |; 
PA Hi and niitrosamine data are summarized! in the 
discussions. 

DOSIMETRIC CALCULATIONS 
Methods 

The particle fraction of ETS is the portion on 
which the majority of the health claims concentrate. 
An estimate of the dose of ETS particles that persons 
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Table 1. Respirable panicles (RSPs) measured under realistic conditions. 


Author l Pate _ Country Building type Occupancy Ventilation _ Sarcpl ing 


Concentrations 


Carson l Erikson Canada Offices 
(1988) (31) 


£ 2 people Hot Given 

w/ain. 1 

smoker 


Conner, et al. USA 

(1966) 


Homs (10) Not Given Not Given 

Restaurants (10) 


Comer, et al . USA 

(1989) 


Offices (10) Not Given Not Given 
Planes (5) 


Coultas, et al. USA Uorkplace(15) Not Given Not Given 

(1990a) 


Coultas,st al. USA 

(1990b) 


Cousins & Collett Canada 
(1989) 


Crouse l Carson USA 

(1989) 


Homes (10) Not Given Not Given 


Schools (3) Not Given Not Given 
Portables (6) 


0ffices(32) Not Given Not Given 

L Restaurants 
(36) 


Crouse, et al . USA Restaurants Not Given Not Given 

Cl988) (37) 


PASS Unit PH3.5 
9 hr samples (8*5) 


m*,LM a/» 3 ) 

A. Mean 44 - 

G. Mean 24 

Range 6 - 426 


Gravimetric 4 UVPH 


r;p im/. 3 ! 

UVPH Oiq/m 3 ) 

Personal Puep, 120* 

Homes, Range 

17 • 86 

1 - 8 

180 min. samples. 

Home*, A. Kean 

56 

4.2 


Rest., Range 

18 • 306 

15 - 223 


Rest., A. Hean 

169 

106 


Gravimetric PM3.5 

PASS Unit, 1-5 hr samples 


Offices, Kings 147 ‘ WM 

Offices, A. Kean 448 

Planes, Range 33 • 119 

(Smoking Section) 

Planes, A. Kean 72.6 

(Smoking Section) 

Planes, Range 3 * 98 

(Non Seioklng Sect.) 

Planes, A. Kean 22 

(Non Smoking Sect.) 


UVPH (iig/m 3 ) 

-nd - 147 

65 

20 : 106 
66.6 
12 - 30 
16.6 


Gravimetric 
Personal Monitors 
6.5 hours, PM2.5 


Hales Samples 

Hospital 2 

Offices 2 

Barber Shop 2 

Restaurant 1 

Retail Store 1 


RSP (jig/m 3 ) 

66.15 

56.7 

80.25 

145.8 

85.2 


ISS* Ul 

Hospital 3 
Office* 3 
Public Tran*. 1 


Avfl. RSP Qta/m J > 

35.33 

70.37 

4:o 


Gravimetric PM2.5 
10 saaples/home 


light Scattering 
PH5.0 


Gravimetric PH3.5 


Gravimetric PM3.5 
1 Hour Sample 


RSP Kean* - 32.4 - 76.9 pg/m 3 


Old School 
Indoor 16 

( 11 - 22 ) 

Outdoor 23 

fi£9i_ge*fl 

Offices RSP 61 

UVPH 47 

Restaurants RSP 111 
UVPH 31 


ksp da/- 3 ) 

Ren. School New School 
13 14 

(10-20) (10-17) 

15 18 

Range 
11 - 279 
11 - 84 
16 - 366 
10 - 194 


Port. Class. 

17 

(15-20) 

18 


RSP 62 * 2.2 

UVPH 26.1 ♦ 1.9 


Acith. Hean Rai>ge 

80.8- 16 • 221 

34.1 15 ■ 166 
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Indoor sir quality and tobacco smoke: a review 




Table I. Continued. 


Deisey, et el. 

USA 

Homes (7) 

Not Given 0.13 -0.89 ACH 

Gravimetric w/ 

House # 

Igtoor 

Outdoor (♦ » Uoodburnim) 

(1989) 




Cyclone, 48 hr 

102 ♦ 

3t7T" 

24 





samples 

* 

30.4 

13.8 






106 ♦ 

33.3 

30.9 






- 

57.7 

7.2 






108 ♦ 

36.6 

38.4 






. 

27.6 

27 






203 ♦ 

19.7 

32.4 






- 

20.3 

4.5 






204 ♦ 

35.4 

10.5 






* 

27.3 

9.6 






208 ♦ 

47.6 

19.9 






- 

29.9 

. 






300 ♦ 

60.1 

• 






- 

35.6 

- 






Mean - Uoodeaoke 32.7 

Eudy, et at. 

USA 

Restaurant 

Not Given Not Given 

Gravimetric P*l3.5 


IlSP. ^ -M haflifgBU.nre 

(1987) 




4 hr samples, 

12 saaples/48 hr rut 

Range 

0-105 no/m* 







A. Mean 

29.3 N0/m* 



First, USA Public Places Various Not Given 

(1983) 


Ceorghiou, et el. 

Canada 

Ice Arena 

Varied 

Not Given 

(1989) 





Grlmsrud, et el. 

USA 

Office 

Not Given 

Not Given 

(1990) 


Building* (40) 



Hedge, et el. 

USA 

Office 

Not Given 

Not Given 

(1990) 


Buildings (2) 




Piezobalance 


PM 10 Indoor Saspling 
lapse tor, 2.5 hr sanplts 
10 gaaes 


SI t% Avq 
Cheater 1 300 
Chaster2 290 
School cafatetial 20 
School cefeterfa2 40 
T eve ml 400 
Tova m2 660 
TavernJ 570 
•ua Tanatnat 110 
tua Ttrainal (outs!da) 70 
Fast Food Restaurant 150 
Sa. Sitdown Raat.1 250 
Sa. Sitdown Root.2 260 


■Sw^Ua/- 3 } 

• Telg. smoked 

• 1 clg. tanked 

- no sinkers 

• 2-3 Bankers 
■ 1-5 tankers 

• 2-3 sankera 

- aostly 1 Banker 

- 50-100 people, 1-5 Bankers 

• 1-3 Bankers during stapling 

• 15 diners, 4 Bankers 

• 23 diners, 1 Banker 


Knaa-Ua/A fu. flitOL iisusb. 

Sacking Allowed 17 - 680 440.75 (n*4) 

Sacking ResKrtctad 187 - 426 302.57 (n-7) 


Gravlaetric PH3.0 
3-20 saspling sites/ 
bui tding 


Piezobalanca, 
Gravlaetric PM2.5, 
UVPM 


Arithmetic Keen 
Geoaetric Mean 
Range 


C9n9tmrtilfln (8a/**) 
30.0 
24.0 
5 - 86 


Area 

Building (NS) 

Office (Rastrictad $) 
Smoking Area w/fliter 
Building (NS) 

Office (Restricted S) 
Saokfng Area w/fliter 
Building (NS) 

Office (Restricted S) 
Sacking Area w/filter 


Method 

Pete 

AH 

ms/-*) 

PM 

Plezobetanc* 

20 

10 

Piezobalanca 

40 

40 

Piezobalanca 

110 

140 

Gravlaetric 

N/A 

N/A 

Gravlaetric 

200 

300 

Grevisatrfc 

350 

400 

UVPM 

0 

0 

UVPM 

9.0 

7.0 

UVPM 

120 

185 


0£Zt>ZZSZ0Z 
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Table 1. Continued. 


Hollowell and USA Office (1) 

Miksch 1981 


Wot Given Mot Given 12 Hours 


••Particles** 


31 /og/m 


Avg. 


Hosein, et al. 

Canada 

Homes 

Not Given 

Mot Given 

Gravimetric (RSP) 

(1985) 





24 hr. samples 


IT Corp. USA Restaurants (38) Varied Mot Given Gravimetric PM3.5 

(1987) Offices (38) PASS Unit 1 Hour Samples 


PSP (jig/m 3 . Geometric 

AC 

Smoke (n»11) 80.3 
No Smoke (n*4j 34.3 
Carpet 

Smoke (n*28) 76.6 

No Smoke (n»9) 38.7 


Mean) 

No AC 

(n*25) 70.1 
(n*ii) 32.5 
No Carpet 
(n*8> 70.2 

(n*7) 53.7 


1 


Hot Water 
Smoke 84.6 

No Satoke 66.7 


Forced Air 
57.1 
37.7 


RSP (jig/m 3 ) UVP* (tig/m 3 ) 


Offices Range nd-375 nd-108 
Offices A. Mean 114 28.3 
Restaurants Range nd-417 nd-127 
Restaurants A. Mean 120 33.2 


teadcrcr, et al. 
(1990) 

USA 

Homes (394) 

Mot Given 

Not Given 

Gravimetric PM2.5 

Lofroth, et al. 
(1989) 

USA 

Tavern (1) 

5 - 25 

180 m 0 
Seeking 
Allowed 

Not Given 

Gravimetric ISP t 
Pieiobelance 

McCarthy, et at. 
(1987) 

USA 

Homes 

(68$, 13MS) 

Not Given 

Not Given 

Gravimetric (RSP) 
Personal & 

Area Samples (24 hr) 

Mlesner, et al. 
(1988) 

USA 

Public Places, 
Offices (19) 

Varied 

Varied 

Gravimetric PM2.5 

3-16 Hours 


Source 

n 

Suffolk 

n 

Onondaqa (ug/m 3 ) 

Irene 

39 

17.3— 

45 -t*rr 

— 

u 

IS 

18.1 

16 

19.1 

W •* Woodstovc 

K 

7 

22 

4 

21.2 

K » kerosene 

$ 

61 

49.3 

80 

36.S 

S * Smokers 

KU 



4 

19.7 


$U 

29 

38 

31 

33.9 


SK 

23 

61.4 

4 

35.3 


SKU 

6 

30.3 

4 

28,5 


Outdoor 

19 

16.9 

36 

15.8 



first » hr) 

Second Study (4 hr) 



Indoor 

Outdoor 

Indoor CXjtdoor 

TSP 


470 


nd 

390 nd 

Piezobalance 

420 

< 

; 50 

320 40 



Hean 


Median 

Ronqe (All: 

Personal 

(NS) 29.4 


27.2 

21.6-39.8 

Personal 

<s> 

56.2 


52.6 

18.0-116.3 

Home (NS) 

30.9 


25.6 

16.6-77.1 

Hosm (S) 


54.6 


55.6 



Personal Saaples on Children (8-11 yr old) 


Heap RSP (jifl/m 3 ) 

NS Areas Cn-33) -14 

Smoking Areas <N»7) 34.5 

Trans. Facility (r>*4) 64 
(Subways or Bus) 


TZZiZZBZOZ 


Source: https://www.industrydocuments.ucsf.edu/docs/ffnmOOOO 
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Table I. Continued. 


Niesner, et al. 
0989) 


Millar 
(1988) 


Ogden and Naloto 

0959) 


Otdaker, et al. 
(1990) 


Otdaker, et al. 
(1968) 


2?C2l’22920? 



USA Public Bldgs 
<2i) 


Mot Given Not Given 


Canada Office Not Given Not Given 

Building* (2) 


USA Honk* (2) Not Given Not Given 

Auto (1) 

Oep't Store (1) 

Billiard Parlor (1) 


USA l Canada Restaurant* t Min. 2/off. Not Given 
Offices, «/ 1 smoker 

4 cities 


USA Offices & Not Given Not Given 

Restaurants 


Gravimetric PM2.5 


Piezobalance 
Pre and lyr Post 
smoking ban 


Gravimetric PM3.5 
Personal Puape 
2*0 hr seaples 


SmrElii 

4 

4 

2 

2 

4 

2 

4 

1 

2 

i 


2 

3 
2 
1 

4 
2 
2 


Library (NS) 
High School (N 
Muscus 1 (NS) 
Museua 2 (NS) 
Hospital (NS) 
Hospital (S) 
Clinic (H$) 
Clinic (S) 


Bsr/Rest.1 (S) 
iar/ftest.2 (S) 
•»rJ <$) 


Office Bdgl (S) 
Offict Bdg2 (NS] 
Office Bdg3 (US) 
Office tdg4 (S) 
Office Bdg4 (NS] 
Office idg$ (S) 
Office BdgS (NS] 
University (S> 
University (NS) 


Rangf 

(i<g/m^) 

A. Mean 

5.8 

» 12.0 

“9708 

1 12.3 

- 109.4 

41.9 

6.5 

• 11.0 

8.75 

nd • 

12.9 

6:45 

14.5 

• 23.3 

17.35 

20.1 

- 52.5 

36.3 

nd • 

17.3 

9.3 

119.1 

119.1 

l 11.9 

- 14.0 

12.95 

i 17.2 


17.2 

i 24.3 


24.3 

36.3 

- 107.3 

71.8 

133.1 

1 - 140.9 

137 

36 - 

78.3 

59 

' 91.7 

- 157.3 

124.5 

55.1 

- 66.5 

60.8 

43.3 


43.3 

16.2 

• 10.6 

17.4 

15.0 


15.8 

17.3 

- 18.2 

17.75 

26 - 

00 

44.73 

15 • 

15.2 

15.1 

520.0 

l 

52Q.0 

11.1 

- 20 

14.83 

114 - 

196 

155 

5.6 - 

44.3 

24.95 


lyH9)pa A fl9?r iullding i 


7th Pro 

30 

pg/m? 3rd Pre 

» .B/» J 



9th Pre 

28 

15th Pre 

*7 



7th Poet 

22 

3rd Poet 10 



9th Post 

22 

15th Poet 25 





Staple 

Mo. of 

Cone, 

r (PS/* 3 ? 



Evrtilyi 

Clot. 

RSP 

Solanesol 

Billiard Parlor 2 hr 

34* 

355 

12.8 

Home 


4 hr 

6 b 

107 

6.4 

Nome 


4 hr 

6 b 

212 

6.6 

Dep't Stort 

4 hr 

0 

55 

N0 

Automobile 

8 hr 

0 

18 

HO 


"Actual Count, 30 clgs., 4 cigars, 
niitchen only. 


Gravimetric PM3.S 


Off lew («/«*! 

Rfftfurtpti. 

PASS Unit, Seep led 

RSP Range 

(n*131) 0 *“1,008 

“0»a83)“ 0 - 685— 

during linch & dinner 

RSP Mean 

126 

126 

hours. 

UVPM Range 

(n-125) 0 * 287 

(n*82) 0 - 104 


UVPM Mean 

27 

36 

Gravimetric PM3.5 


By (Mj/dl 

wfw tea/« 3 > 


Offices (n-45) GM 95 

(n-43) 24 



AN 107 

33 



Range 7-258 

2-170 


Restaurant (n*47) GM 175 

(n-49) 47 



AM 199 

61 



Range 57-650 

7*163 


Source: https://www.industrydocuments.ucsf.edu/docs/ffnmOOOO 
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Ozkaynak, et 
0990) 


Proctor 

(1989) 


Proctor, tt 
{1989b) 


Quackanboss, 
(1909a) 


Quackechos*, 
0991) 


Santanam, at 
0990) 


Sheldon, et 
(1988a) 


CC2V229202 


Table 1. Continued. 


at. USA 


UK 


UK 


at at. USA 


at at. USA 


at. USA 


it. USA 


Homes (9) 18 participants 0-2 *0.8 ACH 


Offices (10) app. 75X Mechanical 
Train Coop.(20) 


Office (1) 26 a 2 / Mot Given 

parson 


Homes (98) Not Given Mot Given 


Homes (200) Mot Given Not Given 


Homes (280) Not Given Not Given 

70S, TONS 
each city 


Home for Not Given Not Given 

Elderly (2) 


Gravimetric PM2.5 
Stationary t 
Personal Staples 


Gravimetric PN3.5 
PASS Unit, 1 Hr Samples 


Gravimetric PM3.5 
10 sites sampled 
5 times each 


Gravimetric PH10 t PM2.5 


Gravimetric PM2.5 
2 weeks of saaplIng 


Graviswtric PM2.5 
1 week samples 


Dichotomous Impactors 
< 2.5 mm 


N Average 

St. Deviation Range ■ uq/m* 

Indoors 230 37.31 

24.27 

6.97168.82- 

Personal 52 75.09 

46.82 

19.90-240.56 

Outdoor 101 42.72 

23.97 

8.98-116.87 

Lx2/**l &1£-Sana* 

m "eaq 

UVPM Ranqe UVPM Mean 

Of fices(S) 33-260 

103 

.5 - 75 2 3 

Of fice(NS) 29*240 

90 

1-17 8 

Trains (S) 70.8-325 

216 

13-110 59.8 

Trains (NS) 63.3-450 

186 

9-105 33 

mma/ah 

ice* leal!" 1 ) 

S Mean - 103 

23 


Median • 91 

24 


NS Mean • 90 

a 


Median • 71 

8.8 



smoking Ey#p* Cool* 

-0. 

. PM2.5 fiifl/iO n 

PH IQ (jig/w 3 ) 

Tea 

20 

8.6 

20 

21.0 

No 1 

No 

25 

20.3 

23 

38.4 

Total 

45 

15.2 

43 

30.3 

Yes 

10 

19.3 

10 

15.9 

1-20/day 

No 

16 

32.3 

17 

53.4 

Total 

26 

27.3 

27 

46.2 

Yes 

8 

36.2 

9 

47.4 

>20/day i 

No 

9 

82.7 

9 

192.5 

Total 

17 

60.6 

18 

75.0 


Samkers at Home 

No Smokers at Home 

Ishsel. 

JL Hsdiw ifa/a 3 

N Median yg/m 3 

Swtr 

49 


20.5 

50 

8.9 

Spring/Fall 

39 


20.1 

37 

10.6 

Winter 

24 


35.7 

26 

13.4 


^Seasons: Susamr ■ May * Sept caber 

Sprlng/falt ■ March, April, October, November 
Winter • Decaaber * February 


Steubenville <RSP jig/m 5 ) 

Winter Summer 

S Homes NS Homes S Homes MS Homes 

43.57 19.54 49.85 29.5 

Portage (HSP j*g/m 3 ) 

Winter Surmer 

S Noams NS Homes S Homes NS Homes 

34.6 14.8 24.9 13.9 


HSP <2.5nis (j tg/m J ) Mean of 3 - 24 Hour Samples 


(partment (S) 
Commons Area 

ipertsmnt (NS) 
hjtdoors 


69 


f 02 


39 


*1 


16 (smoking 30 (smoking lounge) 
observed) 

9 9 

4 (1 24 hr 10 

isople) 


u» 


Source: https://www.industrydocuments.ucsf.edu/docs/ffnmOOOO 
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Table I. Continued. 


Spengler, et at . USA 

0985) 


Homes 
Offices 
Uorkpiace 
(Non* office) 


Spengler, et at. USA Hones 

0987) (6 cities) App. 300 


Sterling L Mueller Canada 
(1988) 


Office 
Building (2) 


Not Civen Not Given 


Not Given Not Given 


Gravimetric PM2.5 


Particle Sampler PH2.5 
Week Long Samples 


Building Type Smoking (uq/m 3 ) Non smoking (jjq/m 3 ) 

“ U . A A __ _ - 


Homes N ■ 60 -w “ 

A* Mean 74 26 

Offices N » 31 80 

A. Mean 67 24 

Workplace M * 9 6 

(Non-office) A. Mean 50 23 


Range of Means - Homes 

Non Smoking 15 - 35 Mg/m 3 

Smoking 35 * 75 Mfl/m 3 

Homes M/smokers 30Mg/m 3 > Homes w/o smokers 
(Mean) 


Mechanical/ 

Light Scattering, Digital 

fj ample* 

RSP (jig/m 3 ) 

Re-circulated 

Dust Gocnter <5 pm 

Cafeteria (S) 6 

102.5 

Air 


Cafeteria (NS) 6 

64.5 



Offices (NS) 6 

6.0 

Pass. Vent/Ho Re-circulatlon 

Offices (NS) 2 

7.0 


Sterling, 
et el. (1988) 

USA l 
Canada 

Of fices 

Not Given 

Not Given 

7 

Thomas, et al. 

USA 

1ndust rial 

30 ♦ 9 

8.6 ACH 

Gravimetric PM3.5 

(1989) 


Cafeteria 

560 m 3 

2900 cfm 

OA, 2500 

cfm RA 

2 hrs/dey for 14 Days 
(Lunchiime) 

Turner, et al. 

USA 

Offices 

126.5 ft 2 / 

Not Given 

P1ezobalance 

(1991) 


(585) 

person 


Ueschter and 
Shields (1989) 

U ^A 

Phone Switching 
Office (1) 

Not Given 

Not Given 

Gravimetric PM2.5 

I week samples 

Yocom, 

(1982) 

USA 

School, Homes 
(1) (2) 

Not Given 

(See Results) 

Resp. Pert. Matter 
PM2.5 


-Particles- NO - 2.7 mg/m 3 (0.04 median) 85 sables 

l inch time (MQ/m 3 ) Background (M 9 /m 3 ) 

RSP 60 * '50- 10+1O 

UVPM 54 ♦ 33 <"l 

(Avg. Smoking Rite During Sailing was 26 t 6 cig/hr) 



JL 

RSP (uo/m 3 ) means 


Smokers 

331 

46.37 


Non tankers 254 

20.11 


Total 

565 

34.97 


week 


Indoors (itfl/m 3 ) 

Outdoors 

Apr. 7-14 


0.85 

7.41 

Apr. 14-21 


1.22 

10.33 

Apr. 21-26 


3.05 

17.85 

Apr. 26 - May 5 

0.67 

7.50 

May 5-12 


3.50 

16.62 

May 12-19 


4.12 

17.59 

May 19-26 


2.41 

12.40 

May 26 • Jun 2 

3.12 

20.24 


SPH 8 Elgsnunr Sfhwl 


Vent, (a^/h/peraon) Indoora Outdoors 


10.6 

19.0 

26.3 

9.1 

11.7 

15.3 

2.5 

15.5 

26.3 


RPH in Home Pre l Post Energy Efficient Retrofit 

“PT«- Post 

Indoor Outdoor Indoor Outdoor 


Nome 1, S 

31 

10 

36 

11 

Home 1, NS 

9 

14 

8 

13 

Noam 2, NS 

12 

9 

10 

10 


wzizzazoz 


Source: https://www.industrydocuments.ucsf.edu/docs/ffnmOOOO 


L.C. Holcomb 



Table 2. Carbon monoxide (ppm) measured under realiitic conditions (Gonvenion factor: lppm = 1.15 mg/m 1 ). 


Author A Oatc _ Country Building Type Occupancy Ventilation Sampling Concentretions/Comments 


Carson A Ericson Canada Offices (31) >2 people Not Given 

{1988} w/min. 1 

smoker 


Cousins A Collett Canada Schools (3) Not Given Not Given 
(1989) 


Crouse, at al. USA 
(1989) 


Offices (30) Not Given Not Given 
Restaurants (30) 


Crouse, et al. USA 

(1988) 

Eucty, et al. USA 

(1987) 


Restaurants Not Given Not Given 

(36) 

Restaurant Not Given Not Given 


Electrochemical 
Detector in PASS 
Unit, 1 sample/ 
minute 


Indoor Outdoor (ppm) 


A. Kean 

1.9 

1.9 

G. Kean 

1.3 

1.2 

Kin. 

«.1 

<.1 

Max. 

8.7 

5.8 

No. of Offices 

28 

21 


Electrochemical 

Analyser 


PASS Unit, 

Electrochemical 

Detector 


CQ (ppm) 

A. Mean 

Range 

Outdoor 


Old School Renovated School 
1.3 1.1 

1.0-1.8 0.7-1.5 

2.1 11.5 


New School 
0.9 

0.7-1.1 
1.1 


Portables 

0.9 

0 . 8 - 1.0 
1.1 


Off ices-Outdoors 

JL 

29 

Range (pom) 
0.2-7.2- 

A. Kean (ppm) 

rra- 

Off ices-Indoors 

29 

0.6*7.1 

2.5 

Restaurants-Outdoors 

31 

0.2-9.2 

3.4 

Restaurants-Indoors 

31 

0.4-12 

5.0 


PASS Unit 


N Range 

CO (ppm) 36 0.9 - 6.3 


C. Wean A, Wean St. Pcviatioo 
2.4 2.6 1.5 


Electrochemical 
Analyzer, Sample 
every 10 mins, 
during 48 hr runs 


CO (5) 48 Hour Sampling Rws 

Range 0 - 16 ppm 

A. Kean 4 ppm 


First USA 

(1983) 


Flachsbart, et al. USA 
(1987) 


Public Places 

Various 

Not Given 

Ecolyzer 

Site 

£<**7 Ippv 





Chambcrl 

2.0 - 1 cig. smoked 





Ghaafeer2 

1.5 - 1 cig. smoked 





School cafaterfal 

1.0 - no smokers 





School cafeter(a2 

0.5 - 2-3 smokers 





Tavarnl 

8.0 - 1-5 smokers 





Tav*rn2 

8.0 - 2-3 smokers 





Tavtrn3 

7.0 - mostly 1 smoker 





Bus Terminal 

3.5 - 50-100 people, 1-5 smokers 





Bus Terminal (outsfde)2.0-2.5 





Fast Food Restaurant 5.0 • 1-3 saiokcrs during sampling 





Sa. Sitdown Rest.1 

6.0 - 15 diners, 4 smokers 





Sm. Sitdown Rest.2 

6.5 - 23 diners, 1 saioker 

Car (8) 

Not Given 

Not Given 

Electrochemical 

N* Range of Means (ppm) A. Kean of means (ppm) 

Bus (4) 



Detector 

Automobile 213 

8.8 - 22.3- 11.6 

Train (3) 



No Smoking 

Bus 35 

3.7 • 10.2 6.0 





Train 8 

2.0 ♦ 5.2 2.88 





*N-nuit>cr of trips 



Hedge, et al. USA 
(1990) 


Office Not Given Not Given 

Building (2) 


Direct Reading 


A. Mean (ppm) 

InterScan 4000 


AM 

“PM — 

Hourly Samples 

Smoking Prohibited 

0.0 

0.0 

Smoking Restricted (Office) 

2.5 

1.7 


Smoking Restricted (Office 
with des. sacki ng area w/LACS 
‘local Air Cleaning System 

2.8 

> 

2.6 


EC2t-229802 


Source: https://www.industrydocuments.ucsf.edu/docs/ffnm0000 
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Table 2. Continued. 


IT Corp. 


USA 

Offices (38) 

Varied 

Not Given 

Electrochemical 

Offices Restaurants 

(1987) 



Restaurants (36) 


detector, sampled 

Range (ppm) 0.5-6 tr.4 

: 9 







each tain, for 60 
aiin. 

A. Mean (ppm) 1.9 3 

.1 

Lofroth, et 

al. 

USA 

Tavern 

5-25 people 

Not Given 

Electrochemical 

first Studv (3hr) Second Studv (4hr) 

(1989) 




180 m 3 


Detector 

* 

1 







Indoor 4.4 mg/mz 4.8 mg/ml 

Outdoor < 1 mg/»r 1-2 mg/nr 

Munford, et 

al. 

USA 

Mobile Homes 

Not Given 

0.5 AGH 

SPE CO Detectors 

N* Kerosene Heat On 

N Kerosene Heat 

<1990) 







A. Mean 30 7.4 ppm 

37 1.5 ppm 








Maxiaaja 30 11.5 ppm 

37 1.5 ppm 








N»Ncmber of taapling days or nuifcer of samples anal 

Proctor, 


UK 

Offices (10) 

Not Given 

Mechanical 

Electrochemical 

LEESl £2 *: w^an 

(1989) 



Train Coap>.(20) 

app. 75% 

Not Given 

Detector, 1 
sample/minute 

Offices($) 0.5 • 5 1.4 

Offlcc(NS) 0.7 - 4 1.2 





(10S, IONS) 



Trains (S) 1 - 2.2 1.6 

Trains (NS) 0.5 - 2.9 1.3 



Proctor, et 

al. 

UK 

Betting Shopa 

Not Given 

Not Given 

Elect rochemical 

N Mange («**) 

A. Mean 

(1989a) 



(6) 


' ' 

Detector 

Indoor Sauteing 11 3.6-9.4 

5.1 







Indoor N-$moking 2 2.8-3.4 

3.1 








Outdoor 16 2.8-9.0 

4.4 

Proctor, et 

al . 

UK 

Office 

26 m'Vperion Not Given 

Electrochemical 

Smoking Mean - 1.4 ppm 


(1989b) 



Building (1) 



Detector, five 

Median - 1.1 ppm 








1 hr continuous 

Non smoking Mean - 1.2 ppm 








samples 

Median - 1 ppm 


Sterlino 1 


Canada 

Office 

73- 1,8/19m 2 

1)Hechanical • 

Electrochemical 

BuiIdina(s) A. 

Mean (w**) 

Mueller (1988) 

Buildings (2) 

Air flee ire. 

Analyzer, 3*4 

Smoking Cafeteria H2 

3.9 






2)Naturel, 

■in. samples, 

Non Sauking Cafeteria U2 

2.6 






No fleetrc. 

6/location 

Non Sauteing Offices 1 

1.8 








Non Smoking Offices 2 

1.35 

Sterilog. 


Canada 

Office 

.79/IGw 2 

forced Air; 

Electrochemical 

A. Mean (turn) 


(1988) 



BuiIdlng 


reelrculat ion 

Analyzer, 3:4 

Sauk Ing Prohibited 2.1 






Min. 20 cfm/ 

■in. samples. 

Smoking Permitted 2.5 







person fresh 

3/location 

Designated Sauk ing 4.2 



air 


Mot Given 


(1988) 






CO (ppm) 241 

NO - 245 2.65 

Thomas, et al. 
(1989) 

USA 

Industrial 
Cafeteria 

30+9 people 

560 m 3 

8.8 ACH 

5,400 CFM 

Electrochemical 
Sensor, 120 
samples/day for 

12 days 

Lunchtime 

Background 

Average Concentration (pp"0 

0.9 ♦ 0.4 

0.6 * 0.2 

Turner, et al. 
(1991) 

USA 

Offices (585) 

126.5 ft 2 / 
person 

Not Given 

Electrochemical 
Detector, 10 
readings/hour. 

Smoking 

Non Smoking 
Total 

JL gjsesl &j 

331 3.40 
254 3.13 
585 3.29 

jBssa 

Yuill 4 Comeau 
(1989) 

Canada 

Hemes (76) 

Not Given 

0.29 ACH 
(0.0-1.35) 

CO instrument 

Living Room 

Basement 

Bedroom 

JL 6 . r^*n tPPS2 
76 0.7 

69 0.7 

73 0.4 

Range (ppm) 
0.0 • 4:0 
0.0 - 4.0 
0.0 • 3.0 


Source: https://www.industrydocuments.ucsf.edu/docs/ffnmOOOO 


U.C. Holcomb 



Table 3. Nicotine measured under realistic conditions, 


Author t Dale 

Country 

Bui Idinq Type 

Oti »4>*ncy 

Ventilation 

Sampl mq 

Coocentrat ions/Comments 

Chuang, et al. 
(1988) 

USA 

Homes (8) 

Not Given 

Not Given 

Punp w/XAD-4 Sorbent 

2 • 8 hr samples in 

Home # 

Nicotine i 

INS 2S _JS 4S 5S 6S 7NS 8hS S NS 

0.17 15 1.7 29 45 4.1 0.t)2 0706 19 0.08 






living room 

(ps/" 3 ) 


Coultas, et at. 
(1990a) 

USA 

Workplace (15) 

Not Given 

Not Given 

Personal Purp w/ 
Sodium bisutfate 
fiIter, 6.5 hr 
samples 

Males 
Hospital 
Offices 
Barber Shop 
Restaurant 
Retail Store 
Female* 
Hospital 
Offices 
Public Trans 

n A. Mean (yq/m 3 ) 

2 28 

2 4.65 

2 8.85 

1 45 

1 

3 22.7 

3 35.97 

. 1 0.0 

Coultas, et al. 

(1990b) 

USA 

Homes (10) 

Hot Given 

Not Given 

Purp w/Sodiue Bi* 
sulfate filter, 

10 samples/home 

Mean Range 0.6 - 6.9 Mg/a 3 
(100 samples) 

Crouse, et al. 

<1908) 

USA 

Restaurants 

(37) 

Not Given 

Not Given 

PASS Unit w/XAD*4 
Sorbent, 1 hr saaple 

Restaurants 

n Rangf {pQ/" 3 ) 4. Mean (yg/m 3 ) G. Mean tyg/m 3 ) 
“37 176 -34^7 8.6 5.3 ♦ 2.4 

Crouse 1 Carson 
(1989) 

USA 

Offices (32) Not Given 

Restaurants (36) 

Not Given 

PASS Unit w/XAD-4 
Sorbent 

Offices (jia/A RfHPursntj 

G. Mean 3.8 4.1 

Range 1.2 - 24.3 1.0 • 36 

Crouse ft Oldaker 
(1990) 

USA 

Restaurants 

(2D 

Hot Given 

Not Given 

PASS Unit & personal 
Pump w/XAD-4 Sorbent 
Hfn. 1 hr saaple for 
four months. 

Mean <M8/* 3 > 
Median 

Range 

PASS Unit Personal Puip 

6.3 -4.3 

4.2 2.9 

0.3 - 24.6 0.3 * 24 

Eudy, et al. 

(1987) 

USA 

Restaurant 

Not Given 

Not Given 

Puip w/XAD-4 Sorbent 
(12) 4 hr samples 
during (5) 48 hr 
saaple runs. 

Range 

A.Mean 

Nicotine (yfl/m 3 ) 

0.29 - 11.5 

2.1 

First 

(1983) 

USA 

Public Places 

Various 

Not Given 

Pump w/Potassiui 
bisulfate filter 

Site 

Chamber 1 
ChMt»er2 

Avq. Cone, (yq/m 3 ) 

13.9 - 1 cfg^smoked 

13.9 - 1 clg. smoked 


School cafeteriel 

5.5 

- no smokers 

School cafeteria? 

2.7 

- 2-3 smokers 

Tavern) 

6.3 

- 1-5 smokers 

tavern2 

9.4 

- 2*3 smokers 

Tavern3 

15.9 

■ mostly 1 smoker 

Bus terminal 

.... 

* 50*100 people, 1*5 smokers 

Fast Food Restaurant 

30.0 

• 1*3 smokers during sampling 

Sm. SitdownRest.1 

12.0 

- 15 diners, 4 smokers 

Sa. Sitdown Rest.2 

16.3 

• 23 diners, 1 smoker 


Henderson, et at. USA 
(1969) 


Homes Not Given 

15 w/Smokers 
12 w/o Smokers 


Not Given Purp w/$odiu» 

Bisulfate Filter 
5pm*7am a 2 days 


Average Coocentrat ion (yfl/g 3 ) 
Smoking Homes 3.74 

Non smoking Homes 0.34 


Source: https://www.industrydocuments.ucsf.edu/docs/ffnmOOOO 


Indoor air quality and tobacco smoke: a review 



Tabic 3. Continued. 


o 


IT Corp. USA 

(1987) 


Jenkins, et al. USA 
(1968) 


Offices (38) Not Given Not Given 
Restaurants (36) 


Restaurants Not Given Not Given 
(36) 


Ptirp w/XAO-4 Sorbent Offices (Mg/m*) Restaurants (^g/m*) 

1 Mc - Satnples Range nd * 30 nd - 1 ? 

A. Mean 6 4 

(Offices 4 Restaurants sampled had no smoking restr icttons) 


Personal Puip w/ 
Tenax Sorbent. 

1 hr samples 


nicotine (m/a 3 > 
Range r.5 • 37.2 
A. Mean 5.78 


lofroth, et al. 
(1989) 

USA 

Tavern 

5 - 25 

180m 

Not Given 

McCarthy, »t al. 
(1987) 

USA 

Homes (81) 

68 $, 13NS 

Not Given 

Not Given 

Miesner, et al. 
(1989) 

USA 

Public 

Buildings (11) 

Not Given 

Not Given 


Oldaker, et al. 

USA 

Offices (46) Not Given 

Not Given 

(1988) 


Restaurants (49) 



Oldaker, et al. 

USA 1 

Offices 1 

Min. 2 Not Given 

(1990) 

Canada 

Restaurants 

people/off ice 



<4 Cities) 

1 smoker 


Pump w/ filter 
3 i 4 hr Samples 


Puip w/ Sodiua 
bisufate filter. 
Personal fc Area 
Samples 


Pu»p w/Sodiun 
bisulfate filter 


Pass Unit w/XAB-4 
Sorbent 


PASS Unit w/XAO-4 
Sorbent Tube. 


hi Study (3hr) 

71 fig/* 3 


2nd Study (4hr) 
60 M9 /* 3 



H£dUrj Range (M 9 /m 3 ) 

Personal (NS) 

0.3 

— 072 0.0 ♦ 1.0 

Personal <S) 

2.5 

1.9 0.1 * 12.0 

Home (NS) 

0.1 

0.0 0.0 - 1.6 

(Personal samples done on children 8-11 yrs 

n A, Been <na/w 3 ) 

Bar (S) 

3 

3.7 

Bar/Rest.1 (S) 

2 

7.55 

Bar/Rest.2 (S) 

2 

7.85 

Subway $t. (NS) 

1 

1.0 

Hospital ($) 

1 

1.6 

Clinic 

1 

17.1 (Des. Smoking 

Office Bldgl (S) 

1 

0.6 

Office Bldg2 (MS) 

1 

2.0 (Smoking room 

Office Bldg3 (NS) 

1 

0.4 

Office Bldg4 (S) 

2 

3.15 

Office BldgS 

i 

26.5 (Des. Smoking 


Offices (jig/w ) 

G. Mean 3.3 - 

A. Mean 4.3 

Range 1.0 * 16.3 

9ffi9?f (jifl/* 3 ) 
(n-156) 0 - 69.7 

4.8 


Rang* 

Mean 


Restaurants (ng/m 3 ) 

- 4.5 

6.2 

0.7 • 15.6 

Restaurants (ng/m^) 
(n*170) 0 - 23.8 
5.1 


Proctor UK 

(1989) 


Proctor, et al. UK 
(1989a) 


Proctor, et at. UK 
(1989b) 


Offices (10) Varied Mechanical 

Train Compartments 75X Not Given 

( 20 ) 

Betting Shops Not Given Not Given 

( 6 ) 


Office (1) 


265 ft*7 Not Given 
person 


PASS Unit u/XAD-4 
Sorbent, 1 hr 
samples. 


Offices (S) Offices (NS) Train (S) Train (NS) 

Range 0.6 - 26 0.1 * 2.1 0.6 - 49.3 0.5 * 21.2 Ug/m 5 ) 

A. Mean 6 0.6 15.3 4.5 


PASS w/Tenax Sorbent 


jl ganas iaa/a 3 ! 8, gssn Ust/™ 5 ! 

Smoking 11 3-57 19.36 
Non Smoking 2 0.4-2 1.2 
Outdoor 3 0.3 -0 .4 0.33 


Pcmp w/XAO-4 Sorbent 


Mean (aq/m 3 ) Median (iiq/m 3 ) 
Smoking 6 3.1 

Non Smoking 0.6 0.6 


Source: https://www.industrydocuments.ucsf.edu/docs/ffnm0000 


L.C. Holcomb 





Schenket, et *1. 
(1987) 


Sterl irvg 
et aU (1988) 

Sterl ing t Muel ler 
(1988) 


Thomas, et al. 

(1989) 


Turner, et al. 
(1991) 


Vaughan t Heemond 
(1990) 


6CSt’229S02 


Table 3. Continued. 


USA 

RR Workers 
Office, Repair 
Shop, Outdoors 

Mot Given 

USA 4 
Canada 

Offices (32) 

Not Given 

Canada 

Office (1) 

M-Smoking 

.79/1 On 2 

USA 

Industrial 

Cafeteria 

30 ♦ 9 

560 m 3 

USA 

Offices (585) 

126 ft 2 / 
person 

USA 

Office 

Mot Given 


Mot Given 

Personal Punps 
w/Sodiun Bisulfate 
Filter (2 Days) 

Not Given 

Not Given 

forced Air; 
Recirculation 
from (S) area 

Personal Punp 
w/KAD-4 Sorbent, 

2-8 hr Santples 

8.8 ACH 

2900 cfm OA 
2500 cfm RA 

Pl mp w/XAO-4 Sorbent 
2 hr. samples for 

14 days (11:30-1:30) 

Not Given 

Personal Punp 
w/XAO-4 Sorbent, 

1 hour samples. 

Not Given 

Passive (M-f) 1 
Active (U) on sodium 
bisulfate fiIters. 


Mean Conc entration (jig/* 3 ) 

Office (n*12) -1 0.2 ♦ 2.2- 

Repair (n*13) 5.8 ♦ 3.4 

Outdoor (n*73) 0.4 ± 0.1 

Range MO * 43.7 M9/«t 3 

Median - NO 

Range (M9/m 3 ) 
nd * 1 


Lunchtime Background 
Avg. Cone. <M9/* 3 ) 5.1 ♦ 1.6 0.14 ♦ 0.03 

(Average smoking rate during sampling was 26*6 cig/hr) 

Nicotine- A. Mean (jig/m 3 ) 
Smoking 6.6 

Non Sacking 0.17 

Total 3.84 


A.Mean Pre Smoking Policy (jtg/m 3 ) Post Smoking Policy 


NS desks (n*13) 
Snack Bar (r>*3) 
Cafeteria (n>6) 
$ Oesks (n*6) 


2.45 

11.3 

4.5 

10.7 


0.3 

85.4 (Designated Smoking) 
5.3 


Source: https://www.industrydocuments.ucsf.edu/docs/ffnmOOOO 
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Table 4. Nitrogen dioxide measured under realistic conditions (ppm = 1 900 fig/ra'; ppb = 1.9 pg/m*). 


Author 4 Date 


Berwick, et al. 
(1939) 


Brauer, et al. 
(1990) 


Ounont, 

(1906) 


Good, et al. 
(1982) 


Mol towell 
and Nlksch 
(1981) 


Country Building Type Occupancy ventilation _ Samp l ing 


Concent rat ions/Comments 


USA 


USA 


Canada 


USA 


USA 


Homes (72) Not Given Not Given 


Homes (11) Not Given Not Given 


Homes (46) Not Given Varied 


Homes (90) Simmer S home NS home 

Avg. No. Smokers 2.Z 2.7 

Avg. No. NSmokers 1.3 0.3 

Winter S home NS home 
Avg. No. Smokers 2.0 2.7 

Avg. Mo. NSmokers 1.4 0.2 


vent, rates not given 


Passive tubes, 

3 local ions/house, 
2 week samples 


Passive samplers 
Triethanolomirw 
Color!aetric 
24 hr. indoor, 

43 hr. outdoor 

Passive samples, 1 
week, 1 sample/house 


Palates personal 
sampler, 7 day, 
kitchen, betroom, 
living room. 


N0 2> M9/M 3 


W 1 only 2 only None 


Room N 

NO, 

N 

_NO, 


NO, 

M 

NO, 

Kitchen 6 

i ■ 

93.50 

49 

- c- 

41.07 

13 

- c - 

40.92 

4 

6.40 

Living Room 6 

76.00 

49 

43.40 

13 

24.85 

4 

6.23 

BedrooM 6 

104.75 

49 

33.33 

13 

23.54 

4 

5.19 

House Ave. 6 

90.03 

49 

40.93 

13 

31.43 

4 

5.94 

1 « Kerosene heater 

2 - 

Gas stove 





NQ 2 , ppb 

_ N Wean Win. Max. 

Indoor 30 17 7 36 

Outdoor JO 15 S 26 

- . .» * _A^-H ean (ppbj 


Wood stove, smoke 

9 

5.6 

Wood stove, no smoke 

21 

5.1 

No wood stove, smoke 

4 

5.3 

No wood stove, no smoke 

12 

3.5 


NOj, Means, jKg/m^ 


Stove # Of Kitchen Living Room Bedroom 

Cla. N Stm. Win, Sim, Win, Sim. Win 


Elec. 

> 20 

15.6 

21.3 

—16.5 

23.5 

14.0 

21.3 

Ges 

> 20 

3 76.3 

156.6 

66.9 

112.2 

48.4 

96.4 

Elec. 

< 20 

11.3 

20.3 

12.4 

19.6 

10.7 

17.5 

Gas 

< 20 

3 *7.0 

219.6 

47.1 

117.4 

38.7 

97.8 




NO,, Ag/m 3 




Room 

Season 

Smokf_ 

N 

Mean 

Max 

Nln 


Living -- 

Suimer 

NS 

54 

12.4 

86.5 

*2.5- 


Room 


s 

33 

16.5 

40.8 

•0.4 



Winter 

NS 

49 

17.5 

36.6 

5.7 




s 

33 

21.3 

49.6 

1.6 


BedrooM 

Simmer 

NS 

54 

10.7 

66.9 

-2.7 




S 

33 

14.0 

42 7 

-0.6 



Winter 

NS 

50 

20.3 

57.1 

5.3 




i 

33 

21.3 

54.3 

1.4 


K f tchen 

Stumer 

NS 

54 

11.3 

72.0 

-3.4 




S 

33 

15.6 

44.7 

0.5 



Winter 

NS 

49 

19.6 

44.5 

5.7 




S 

38 

23.5 

65.6 

1.4 


Outside 

Stmmer 

NS 

54 

21.3 

70.5 

1.1 




S 

38 

22 .6 

54.5 

6.3 



winter 

NS 

43 

52:3 

99.9 

18.7 




S 

35 

50.0 

91.3 

8.9 



Office (1) Not Given Not Given C*>e week 


N0 2 • 60 *9/*?' 30 ppb 




Source: https://www.industrydocuments.ucsf.edu/docs/ffnmOOOO 
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Tabic 4. Continued. 


Hosein, et al. Canada Homes (5?) Hot Given Not Given 

(1985) 


Marbury, et al. USA Homes (144) Hot Given Mot Given 

(1988) 


Morey and USA Offices (7) Mot Given Not Given 

Jenkins (problems reported) 

(1989) 


Notchandreas, USA Homes (18) Not Given Not Given 

et al. (1990) w/gas furnaces 


NaOH impinger 


H0 2 m/. 3 , 


Geometric means 



Air Cond. 

N N02 

No Air Cond 
_M_N02_ 

Gas Stove 

4 175.1 

7 

182.1 

Elec. Stove 

12 70.9 

29 

81.8 

No Gat 

Simmer 

Winter 


M NOS 

N 

N02 

Smoke 

29 76.1 

29 

82.6 

No Smoke 

12 74.5 

12 

75.7 


Passive saople tubes 

NO2, means 

and range, ppb 

2, 2 week staples. 



3 sanples/home 

Gas stove 

Elec, atove 


1 2 

1 2 

outside 

19.1 20.3 

14.1 19.6- 


(5.2-26.7) (6.9-31.6) (5.1-24.3) (5.1-30.1) 
N>36 N*38 N>38 N>28 

Activity 41.3 39.3 7.8 770 

Room (8.4-168.7)(7;0-135.9>(2.0*20.9) (1.3-22.7) 

N-81 M*74 M-59 H-53 

Bedroom 33.1 30.9 7.0 6.2 

(4.4-167.1X4.0-140.4) (1,6-32.5) (1.1-22.4) 
N«82 8-75 N*60 11*56 

1 * 1st cycle of templet 2 * 2nd cycle of staples 


Triethanolamine tube 
50-200 ml/min., 
colorimetric 

Bldg. 

N0 2 , ppm 

Outdoor, roof 

Indoor 



E 

<0.07 

<0.06-0.10 



i 

rv 

0.2-0.3 



F 

0,04 

0.20 



G 

0.05 

0.090.10 



H 

0.10 

<0.07-0.09 



1 

0.10 

0.03-0.16 



J 

<0.02 

<0.02-0.20 



K 

<0.02-0.05 

<0.03-0.60 



K 

0.03-0.08 

0.04-0.70 


Portable Chemi¬ 


ADOllance Room (cob) Control 

Room (cob) 

luminescence det.. 

m 2 

Mean Range Mean 

Range 

4 samples < 15 min. 

29 3 - 

33 32 

7 - 40 


Furnace Off 40 3 • 

58 42 

4 * 54 


Furnace On 


IVZi’ZZSZQZ 
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Tabic 4. Continued. 


Petreas, et at. USA 
(1968) 


Mobil Homes Not Given Not Given 
(312) 


Spengler, et at. USA Homes Not Given Not Given 

(1987) 


Sterling, et at. USA 4 Offices Not Given Not Given 

(1988) Canada 


Yocooi, USA Homes (9) Not Given Mot Given 

(1982) 


Palmes tubes, N0 2 , ppb 

3 sites/house, 

one week sanples Room N A. Mean G. Mean 



Sumner, 

elT 

Kitchen 

311 

20.73 

— 16.92 




Bedroom 

312 

14.64 

11.71 




Outdoor 

30 

11.64 

8.95 



gas 

Kitchen 

263 

22.89 

20.25 




Bedroom 

265 

15.99 

13.51 




(Xjtdoor 

25 

11.20 

8.39 



elec. 

Kitchen 

47 

8.98 

6.18 




Bedroom 

46 

7.77 

5.14 




Outdoor 

5 

13.78 

12.33 


Winter, 

alt 

Kitchen 

254 

26.56 

21 .09 




Bedroom 

254 

18.67 

15.10 




Outdoor 

27 

22.61 

19.16 



gas 

Kitchen 

230 

28.68 

24.33 




Bedroom 

230 

19.98 

16.77 




Outdoor 

23 

22.41 

18.77 



elec. 

Kitchen 

23 

6.29 

5.36 




Bedroom 

23 

6.07 

5.48 




Outdoor 

4 

23.74 

21.52 



gas « 

gas stove 


elec. ■ electric stove 


Simmer 

Kitchen LA 

61 

36.92 

24.26 




Non-LA 2S0 

19.26 

15.66 



Bedroom LA 

60 

22.31 

19.44 




Non-LA 252 

12.97 

10.27 


Winter 

Kitchen LA 

46 

34.75 

30.52 




Non-LA 208 

24.76 

19.55 



Bedroom LA 

48 

25.74 

21.26 




Non-LA 206 

17.03 

13.98 


LA 

■ Lot Angeles basin 

Non-LA ■ 

Not in LA 

Palmes Passive 

NO,_ 

Gil 

Home (ppb)_ 

Electric Home (p 

Sampler 


N 

Mean 

SO 

N 

Mean SO 


Fall 

160 

27.6 

10 

68 

11.8 2.5 


Simmer 

142 

25.2 

6.6 

68 

14.4 2.5 


Winter 

166 

24.3 

5.4 

70 

17.1 3.5 

Not Given 


N 



Hin. Max. 


NO, 49 NO NO 0.1 ppm 

NO' 40 NO NO 26.3 ppm 


Palmes tubes, 4 week 

MO, 

Gas etove (5J 

Elec. SIqvc_(' 

Mean values (M9/m 3 ) 

Fixed, Outside 

17.1 mb/* 3 

16.9 NO/"* 3 


Kitchen 

59.2 

15.7 


Bedroom 

37.3 

14.5 


Personal. Husband 36.3 

19.8 


Wife 

40.8 

16.7 


Child 

45.2 

8.7 


ZpZbZZSZoz 
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LC. Holcomb 



Table 5. Formaldehyde mcaiurcd under realistic conditions (ppm = 1 230jig/m’). 


Author l Bate Couitry Building Type Occupancy Ventilation Samp lmg 


Concentrations/Comnents 


Ounont, 

11986) 

Canada 

Homes (46) 

Not Given 

Girman, et al. 
(1989) 

USA 

Office 

BuiIding 
(52,000 *q. 

Not Given 

ft.) 

Grot. et al . 
(1991) 

USA 

Office (1) 

230 ft?/ 
Person 

Hedge, et al. 
(1990) 

USA 

Office 

Buildings 

(2) 

Not Given 

Hoilowell 
and Miksch 
(1981) 

USA 

Home ( 1 ) 

office (1) 

Not Given 


0.21 ach, ave. Passive badges 

2 samples/house 
1 week/sample 

Mechanical Midget Impingers 

chronotropic acid 
analysis, 
formaldehyde 


Not Given Sodiun bisul f i te 

impregnated filter 


Not Given 


EPA Method 10-11 
3 hr samples 


0.4 ach Not Given 


lofroth, et al. USA 
(190V) 


tavern 5 25 {R*oplc Not Given 

180 m- 


Punp w/sorbent 
3 l 4 hr samples 
MPLG Analysis 


Formaldehyde (ppm) 

Mean _ Median Range 

0.097 0.091 0.03-0.24 

Pre-Bake Out (jtg/m^) Post-Bake Out (iig/n^) 

1st Floor 51-65 

2nd Floor 32 38 

Plenua 34 38 

Outdoor BO 80 

Formaldehyde 0.02-0.06 ppm 


Mean Formaldehyde (ppm) 

AM PM 

SP 0.023 0.019 SPsSmoking Prohibited 

SB (Office) 0.006 0.012 SR«S«oking Restricted 

SR ( Staok i ng ) 0.01B 0.023 

Formaldehyde in new home _ 

Unoccypied, no furniture 80+ 91 

Unoccupied, with furniture 223* 7X jig/m: 

Occupied, day 261+10X h9/<*{ 

Occupied, night 140+31X ^g/m 

Outside <20 _ 

Aldehydes in an office building (jta/m 3 ) 
formaldehyde 49 

Formaldehyde from various indoor environments 


location _ Range (ppm) Mean (ppm) 

Mobile homes (2), Pa. 0.1-0.8 0.36 

Mobile homes w/ complaints 0-1.77 0.10.44 

(Wash.) 

Mobile homes w/ coaplaints 0-3.0 0.4 

(Minn.) 

Mobile homes w/ complaints 0.023-4.2 0.88 

(Wise.) 


1st Study 3 Hr 2nd Study 4 Hr 
Formaldehyde 104 89 


1 

Cl'21’229202 
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Table 6. Benzene measured under realistic conditions (ppb = 3.2 fig/m*). 


Author l Pate Country Building Type Occupancy Ventilation Sampling Concentrations/Coaments 


Bayer L Black 

USA 

Offices 

Not Given Mechanical 

Personal Pimp 


Smoking 

2.0ppb 

Non Smoking 

(1987) 




w/Tenax, 4 hr 
saaples(3S,3NS) 

Benzene 

-tT2p*s6 


Chan, et al. 
(1990) 


Gtnaan, at al. 
(1989) 


Lewis 

(1991) 


Canada 


•s (12) 


Not Given 


Not Given 


Office luiLdlng Not Given 
(52,000 ft*) 


Tenax/Charcoal 
2 outdoor, 4 Indoor 
saaplas each, 90 aln. 
sables, 5-50 liters/ 

laaple 


Mechanical 


Pump w/Tcnax 
Sorbent, CC/MS 


fregency. Range. aod_A_yfl, pig/m 3 ) Outdoors/Indoors 12 Howes 
Aablcnt Air (Nov/Dec) indoor Air 

f Range _ Avq. F Range Avu. 

Benzene 12 1-11 7.3 12 5-59 14.8 

frweyyy, Rena?, end Avfl- (Nfl/a» 3 ) Outdoor/Indoors 6 Homes 
Aabicnt Air (Feb/Mar) Indoor Air 

f .frETO!_ to* _ f ***** Ava. 

lenzene 6 2-8 6.0 6 7-15 10.6 

Eggimritlytt (na/w 3 ! 

_ Pre-Bake-Out ____ p,o»t-layout 


tetri. 2nd Fl. PI erase Roof 1st FI. 2nd FI. 
2.8 3 3 1 0.8 1.5 

(BO • Below Oetect(on) 


Pie 


Roof 

BO 


( 10 ) 


Not Given 


SS Canister Avg. Indoor Cone, from OUTdoor Sources and Indoor Souccs (ppbC) 

12 hr saaplea, Cwouxl >05 >08 $)) BH B17 ft20 |t26 R?9 AU 

CC/MS Benzene OUT 11 17 20 11 14 15 50 13 IS 

IN 2 -1 2 1 0 1-1 2 1 


lofroth, et al. USA 
0989) 


Tavern 


5 - 25 people u«.\ Given 
180 « 5 


Stainless steel 
canister, CC/MS 


first Study (3hr) 
Indoor Outdoor 
Benzene 27 6 


Second Study (4hr) 

Indoor Outdoor (M9/<* > 

21 8 


Ptell, et si. USA Homes (26) Not Given Not Given Summe Cannisters 

(1986) GC/f1D,EC0 


Benzene 


_ Indoor Air (PPBV) _ (Xjtdoor Air _ 

Suaaer Data Winter Oita SiJnaer A Winter 

15 Samples 16 Staples 6 Saaples Each 

f 0b>. Mean flange # Obs. Mean Range B Obs. Hean Range 
15 7.6 0.39*48 16 4.80.53-23.6 12 0.570.33-0.77 


Proctor 

UK 

Offices (10) 

Not Given 

Not Given Pimp w/Tenax 

(1989) 


Trains (20) 


Sorbent, 1 
hr. saaples. 


A^ Mean Median Range A. Mean Median -Range (^a/ro 3 ) 
6 3.1 0.6 * 26 11.8 11.6 0.9 - 28.6 


Benzene 


12 




Train(NS) 

7.4 5.1 2.9 • 29.3 


SV2V23920Z 
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Tabic 6. Continued. 


Proctor, et at 
(1989a) 


Proctor, et at. 
(1989b) 


Proctor, et al. 
(1991) 

Compound 


Betting Shops (6) 


Smoke/Uork 
Mean Median 


Office (1) 


Homes l work 


See Not Given 

Tenax IA, 3 l/hr. 

Compound 

N 

Site/smoke 

Poo/smokers 

Qty. Hear) (uq/m*) 

chart 

briefcase. GC/MS 

Benzene 

3 

A/S 

20/5 

14.3 





2 

B/S 

10/2 

14 





2 

C/S 

7/3 

21 





2 

D/S 

15/5 

18.5 





2 

E/S 

10/2 

18.5 





1 

E/Outside 

Hvy. Traffic 

22 





2 

f/NS 

11/0 

9.5 





2 

F/Outside 

Med. Traffic 

15 


ft^/person Not Given 

Tenax, 10 ml/min. 



Smokers* 

Office Nonsmokers' 

Office 


GC/MS, pump 

Compound 


A. Mean 

Median 

A. Mean 

Median 


Cones in pg/a- 

Benzene 


13 

8 

12 

10 


Varied Varied 


Personal sampler 

24 hour samples, 52 women 


Range 


Smoke/Mo work 
Mean Median 


Range 


No sanke/Uork 
Mean Median Range 


No smokt/No work 
— H - f «n_ Median Range 


All Subjects 
Mean Median 


Range 


1 JTT 


13.3 


3.2-48.7 


21.6 


13 .4 


5.2-103 


60.7 


15.5 


0.7*510 


13.2 10.4 


0.2-32.1 


26.5 


12.8 0.2*510 


Sheldon, et al. 
(1988b) 


USA Hospital (1) 

Nursing Home (2) 
Offices (3) 

Martinsburg, UV 

Hospital (new)* 

Trip 1 Trip 2 Trip 3 
17/84). 00/84) (8/85) 


Not Given Not Given 


Pum*> w/Tenax 
12 hr sample GC/MS 


Mean Concentration (ng/O 

Fairfax, VA Worcester, MA Washington, DC Cambridge, MA 


1.55 


2.13 


2.88 


Office (new) 
Trip 1 Trip 2 
(1/85) (4/6S) 


2.7; 


4.95 


Nursing Home (r>ew) c 
Trip 1 Trip 2 

-(4/85) (B/B5) 


1.70 


2.44 


Office (old) 
Trip 1 
_{ «/*) 


“Building completed approximately 34 weeks before first monitoring trip, 
building conpleted approxiaately 1 week before first monitoring trip. 
c Building completed approximately 4 weeks before first monitoring trip. 


“5761- 


Off ice/School (old) 
Trip 1 

_tfZSS X _ 


4.50 


Martinsburg, WV 

Nursing Home (old) 
Trip 

_ ami _ 


37 rr 


Sheldon, et al. USA 
(1988a) 


Office 
Buitding (1) 


Not Given Not Given 


Punp w/Tenax 
12 hr sample 

GC/MS 


* c msmuailgi.in/. a 3 ! h 

Indoors* Outdoor 

July Sept. Dec. all trip* 

5 7 7 3 


tens sns 

(*Mean of six 12*hr avgs. at 5 indoor locations. ^Usn of 18 12*hr svgs. at one outdoor location.) 


Sheldon, et at. USA 
(1990) 


Homes (12) 16 individuals Not Given 


24 Hour Samples 
w/Tenax, GC/MS 


Benzene 


ftup Egnccttritlvn ina/n ♦ s-fi, 


Outdoor 

fn»4) 

12 * 8.8 


8t7*276 


Personal 

(n»8> 

11*4.0 


Sterl ir>g, et al. USA l 
(1988) Canada 


Offices Not Given 

(see table for 
numbers) 


Not Given 


Not Given 


crew** 


Benzene 


■ MPgf- 


27 


NO-1.4 ag/ir 


9l2t’229202 


Source: https://www.industrydocuments.ucsf.edu/docs/ffnm0000 
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Tabic 6. Continued. 


Watlace, 
(1986) 


Various 
(IEAM study) 


Not Given 


Not Given 


Personal and 
Outdoor samples 


Population-Ueighted Arithmetic Mean Exposures (24 Hour S^nyles) ug/m* 


Sites 


Benzene 


New Jersey 
fall 1981 


9 

Sumer 1982 

NC b 

NC 

Winter 1983 

NC 

NC 

N. Carolina 

9 

12 

N. Dakota 

NC 

NC 

California 

LA:Uintet84 

18 

16 

LA:Spring84 

9 

4 

CC:Sprino54 

_2_ 

_ 


‘Personal Exposure 

^ot Calculated-’did not Mat quality control criteria. 

Personal Air Exposures-Unweighted Geometric Mean 


Wallace, et al. USA 

Hornet 

Not Given Not Given 

Personal Ptntps w/ 


n 

ISHSSI 

(1987) 



Tenax sorbent, 


S NS 

S 

NS 




12 hr staples 

NJ(F) 

153 188 

16 

11 




GC/MS 

NJ(S) 

69 75 

NR 

NR 





NJ<W> 

24 22 

NR 

NR 





LA(W) 

29 85 

18 

14 





LA(SP) 

11 40 

8 

7 





AP(SP) 

19 49 

8 

7 





Overnight Indoor Cone.-Weighted Geometric Mean < 





NJ(f) 

252 94 

16 

8.4 





NJ(S) 

111 44 

NR 

NR 





NJ(W) 

37 12 

NR 

NR 





LA(W) 

56 58 

17 

11 





LA(SP) 

23 28 

4.6 4.5 





AP(SP) 

35 33 

4.9 4.4 





E-Fall 

S-Sumaer 

W-Wlnter 

SP«Sprir>g 

Weschler, ct al. USA 

Office 

Not Given Not Given 

Passive Staplers 

VOC <wq/a 3 ) Building 2 on 4th Floor During Four 

0990) 

BuiIding 


4 Periods During 


6/25/82- 

9/9/87- 11/6/87’ 




1 Tear 


7/16/67 

10/1/87 12/4/87 





Benzene 


NO 

NO 1.3 


3/15/68 


nD 


4.l'2fr229202 


Source: https://www.industrydocuments.ucsf.edu/docs/ffnmOOOO 
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Table 7. Niirosaminei measured under realistic conditions. 


Author t Pate Country Building Type Occupancy Ventilation Sampling _ Concent rat Ions/ gogBSCU 


Hoffman, et al. USA & Various 
(1987) Austria 


Hot Given Mot Given 

Punp w/liquid 


H0HA 

MOEA 

NO 


traps, CC/TEA, 

Train-Bar 

0.11-0.13 


1-4 hr continuous 

Bar 

0.24 

NO 


samples 

Sports Hall 

0.09 

NO 



Betting Parlor 

0.0$ 

NO 



Residence, NS 

<.003 

NO 



Office 

0.03 

0.03 



Conference Room 0.02-.033 

0- .02 



Work Room 

0.023 

0 



Restaurant 

0-0.05 

0 



Dance Hall 

0.07 

0.2 


Stehlik, et al. 

Austria Offices 

see chart 

Not Given 

Pimp w/liquid traps. 

Room 

Room Type 

# of 

Tobacco Consulted MDMA 

N0EA 

(1982) 

Restaurants 



GC/IEA, 1-4 hr 

site 


_Peoole 

(nq/U 

(ng/U 

Bara 



continuous samples 

207m 3 



—.. 






Working Room 

7 

Continuous (2hr) 0.024 

BO 






301 

Conference Room 

15 

26 cfg., 1 pipe 0.031 

6 cigarillos <2hr) 

BO 






70 

Office 

6 

27 clg. (2hr) 0.03 

0.03 






50 

$m. Conf. Boom 

12 

37 ctgs., 4 pipes 0.02 

3 cigars <2hr) 

0.02 






120 

suburban Rest. 

20 

20-30 cigs, 2 pipes BO 
<2hr) 

BO 






160 

Vienne Rest. 

23 

20 clgs., <1 hr) 0.01 

BO 






160 

Vienna Rest. 2 

25 

25-30 cigs., (1hr)0.04 

BO 






160 

Vienne Rest. 3 

23 

15-20 cigs., (1hr)0.05 

BO 






320 

Dancing Bar 

30-70 

Not Detena.(4hr) 0.07 

0.2 



Source: https://www.industrydocuments.ucsf.edu/docs/ffnmOOOO 
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Tabic 8. PHA measured under realistic conditions. 


Author i Date 


Vent 1 1 at ion 


Concentrat ions/Conments 


U.S. EPA 
(1988) 


Not Given Not Given 


Puip w/KA 0*4 
Sorbent, GC/HS 
8 hr Samples 


(Selected PAH m 
Compound IMS 
Naphthalene 800 
Acenaphthylene 18 
Phenanthrene 71 
fluoranthene 7.6 
Pyrene A .6 
Benzo(e)pyrene 0.74 
Benzo(a)pyrene 0.28 
Quinoline 9. A 
Isoquinoline 2 1 


HOME (ng/aT) 

easured in living rooms) 

?S 3S AS SS 6S 7NS 

1100 1100 1100 2200 A200 1800 

37 17 A8 120 59 10 


87 80 200 210 110 

8.6 6.5 19 23 6.A 

5.2 A.O 11 17 9.5 

3.2 1.3 3.7 10 6.5 

1.2 0.3A 1 A 3.3 1.4 

240 76 480 1100 

140 34 300 620 


110 110 59 86 

23 6.4 7.2 12 

17 9.5 5.6 7.4 

10 6.5 0.68 1.4 

.3 1.A 0.31 0.03 

00 300 23 9.1 

20 170 35 16 


Daiaey, et al. 
{1989) 


0.13:0.89 AGH Pump w/Teflon 


House Wood 


(FlU-fluoranthene, 

cd)pyrene) 


coated fiberg 1 ass 


burning 

FLU 

PTR 

BEP 

BBF 

BKF 

G A!' 

iii.it 11- 


! 11 At 

fllter, 48 hr 

102 

♦ 

0.72 

0.47 

0.48 

0.52 

0.24 

0 . «, 

1.21 

, 

6.1 

sample& 



1.18 

0.98 

0.41 

0.24 

0.10 

0.17 

i: 15 

u : 

3.4 


106 

♦ 

0.32 

0.62 

0.65 

0.68 

0.29 

1.24 

6.20 

3 5 

13.5 



* 

0.58 

0.70 

0.42 

0.11 

0.04 

0. 11 

0.33 

0 . i 

2.4 


108 

t 

0.96 

0.50 

0.38 

0.40 

0.19 

0.43 

0.55 

; , 

4.5 



• 

0.11 

0.03 

<0.06 

0.04 

0.02 

0.03 

0.08 

0 .. 

0.4 


203 

♦ 

0.81 

0.58 

0.95 

0.51 

0.21 

0.40 

0.75 

(i. v. 

5.2 



• 

0.07 

0.14 

<0.06 

<0.007 

0.007 

<0.009 

<0.01 

<0 '■ 

0.3 


204 

♦ 

0.16 

0.02 

0.14 

0.10 

0.03 

0.07 

0.12 

0. 

0.6 




0.09 

0.22 

0.07 

0.02 

0.01 

<0.009 

0.02 

Oil 

0.5 


208 

♦ 

0.65 

0.65 

1.36 

1.22 

0.46 

1.34 

0 ! 87 

2 ; 

8.8 



- 

0.07 

0.05 

<0.06 

0.009 

0.005 

<0,009 

<0.01 

<G. j. 

0.2 


300 

♦ 

0.18 

1.53 

0.31 

0.27 

0.09 

0.33 

0.25 

(J. V. 

3.4 



* 

0.50 

0.31 

0.43 

0.04 

0.02 

0.02 

0.10 

or 

1 .6 


PtR»Pyrene, BEP«8enzo(e)pyrene, BBf *Bemo(b)f luoranthena, BKF»Benzo(k)f luoranthene, BAP*fienzo(a)pyrcne, BGHlP*8enxo(ghI )perylcne, Hi 


Grinsrud, et al. USA 
(1990) 


Office Not Given Not Given Gravimetric PH3.0 Mean Coocentratio 

Buildings (40) 126 RSP samples Non smoking Areas 0.4 

analysed for 8(a)P Smoking Areas 1.1 


i£): il r J '. ir Li 


Hoy, et a I . USA 

(1987) 


Not Given Not Given PM1Q extraction Home N B(a)P G. Mean Maximum 

1 14 0.5 4.8 

2 13 1.1 4.4 

3 14 0.8 2.3 

6 13 0.3 1.4 


UalOman, et al. USA 
(1989) 


Not Given PMlO exit act ion BaP Range nd - 8.6 nq/mr 


SVZVZZ9Z0Z 


Source: https://www.industrydocuments.ucsf.edu/docs/ffnm0000 
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receive would pnovidfe an independent assessment as 
to whether these healith claims are reailistic. 

r-. 3'C'S- ’• i^: r ined ai- 3 nr- ■; ,* 1 • ■ 

u.w uuic ii a function of the concentratin' vf " 
sub.viin :/v* duration of are, the r: 1 *:. .. 

ru::o::.. a.id the percentage o:f maitenai poie./.::aa- 
I ntamed,by. the iungs. 

Csnce/umifl/i: Concentrations of RSPs were deter¬ 
mined 1 as the mean difference between nonsmoking 
and smoking conditions as shown in Tablfe 9. 

D uration of exposure: In ordtr to determine the dura¬ 
tion of exposure in each of the five categories, data 
on time activity patterns were needed! Though there 
were several references available describing studies 
which performed time/activity surveys of one type or 
another, there were few that were adequate. The re¬ 
quirements that needed to be met included: 

1. Data needed to be American or Canadian 

2. Study needed to be of adults 

3. Study could not be of select subpopulations 

4. Study needed toinclude most of the entire day. 

Five pubiiications met the four chosen criteria 
(Jenkins et al. 1990; Juster and Stafford 1990; Shaw 
1983; Spengler et al. 1985; Szalai et al. 1972): Each 
author’s activity categories were allocated to one of 
the following locations that were chosen to match 
exposure categories used 1 for the literature review. 


-^ - ----OEK 


-Restaurant 

6. Bar —--—---— B*r/Tav«rns 

Othsr, public-—— Offlcm, workplaces 

(similar to office enviroruaent) 
8. Outdoor--— None 


Time allocations for each category were then 
averaged to produce an average day based on the five 
studies reviewed. Time spent in each category is 
expressed separately for males, females, employed, 
and unemployed persons. Time spent in each activity 
category is expressed in minutes per day and hours 
per day averaged over seven days per week. If the 
average day did not add up to 1440 min (24 h), each 
category was adjusted by the percentage of the error 
to produce a 24-h day. 

There were fewer data available regarding em¬ 
ployed/unemployed time activity patterns than for 
male/female time activity patterns. Because of 
this, it was necessary to subdivide some authors* 
categories into more than one of the five chosen for 


Table 9:,Mean respirable panicles tn smoking and nonsmoking areas in real-life situations. 

01ff.in 


CateoDnv, t of Studies 

N 

Sacking 

Mean Rinoe 

Honsocklng 

... 1 _P.lnot-_ 

Means; 

■i-ji 

Homes 

14 

951 

49.5' 

17-212 

905: 

22.3! 

7 - 77 .:. 

27 : . 2; 

Offices and 

Publ 1c PI aces 

24 

805 

67.7 

12-2700 

540 

45.9: 

nd-2*0: 

2:1.8 

Restaurants 

11 

257 

131.5 

nd-685 

335* 

89. 7 

c. 

41.8 

Birs/Taverns 

4 

9 

103.7 

c 

c: 

c 

c 

103.7* 

Trains 

1 

20 

216 

70.8-325 

20 

185 

63 L 3-4 50 

30 


a - Themean Is calculated by weighting the mean values imeach study based on 
sample size and the calculating an overall arl thoetic mean. If actual values for, 
nonsmoking! or smoking areas were not given, but UVPH values were available, the 
UVPH values were utilized in obtainingi the weighted means. For examplfe, iif a 
total RSP mean value and UVPH mean value were available for a smoking area but 
not for a nonsmoking art*, j nonsmoking area value was obtained by subtracting 
the UVPH value from the total RSP value. 

b - Derived from total RSP-UVPH. 

c - No ranges available; no data available. 

d - Some of this RSP would be due to sources other than tobacco smoke. If 
properties are si ml 'liar to restaurants, this mean would be approximately 48.3. 


Source: https://www.industrydocuments.ucsf.edu/docs/ffnm0000 
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Table 10. Carbon monoxide concentration* (ppm)in smoking and nonsmoking areas in realHife situations. Conversion factor: lppm = 

ll.l!5 mg/rn*’ 


No,, of St.cc:*. g Nonsmolding - ea.'.s; 


Category 

Studies 

_ N Mean 

3 anqe 

N 

Mean Ranqe 

S - NS 

Offices and 
Rubl ic: 3 Id; 5 

13 

:S7 2,35 

3.1-3.7 

275 

2.99 0.7-4.0 

: 4 

Restaurants 

5 

::7 3.5 

3.4-9 0 

... 


.... 

T,ayerns/8ars 

2 

5 6 . 4 


— 


... 

Trains; 

2 

13 2.2 

1L0-512 

10 

1!. 30 0.5-2,9 

0.90 

Buses 

1 

35 6.0 

3.7-10.2 

... 

. 

... 

Autos li 

Hones - Very Httle 

Information on homes 

213 

11.6 8.8-22,3 

... 


Yul 11 ti il. (1989); 76 hows, 0.7 Man, rang* 0-410 
No data on smoking or nonsmoking. 


Table 11. Nicotine concentrations (lag/ra 1 ) in smoking and nonsmoking areas in real-life situations. 

$ fnoking _ _ NgnsmgMng_ 

NO. SaapU: No. Sample 

Category Studies Sites Mean Range Studies Sites Mean Range 


Offices and 
Public,Bldgs. 

14 

67.3 

6.2 

NO-69.7 

Si 

270 

0.3 0,1 

1 -2,1 

Restaurants 

10 

390 

51.7 

0-37.2 





Taverns/8ars 
Betting Shops 

4 

17 

19.1 

3-65.5 

1 

2 

1.2 0 

.4-2.0 

Homes 

11 

98 

3J 

0 .1-12,0: 

3 

28 

0.29 

0 -1.0 

Trains 

1 

20 

15.3 

0.6-49.3; 

1 

20 

4.5 0-! 

5-21.2 


this review. To dto this, the proportion determined 
from the male/female time activity pattern was used 
to divide that author’s category. For example, time at 
home for employed and unemployed persons was 
determined by Spengler oral. (1985) but not divided 
into waking and sleeping time. The amount of time 
determined to be spent siteping in the male/female 
time allocation wasisubtracted from Spengler's home 
time to produce home-awake and home-aslfeep values 
for employed/unemployed persons. The time activity 
patterns calculated from the literature are listed in 
Tables V2 and 13. 

Respiration rates: Respiration rates were taken from 
Rosenblatt et al. (1982): 

1) Adult male, light work—28.6 L/min (1.7 m 3 /h) 

2) Adult male, resting—7.43.L/min (0.4 m 3 /h) 

3) Adult female, light work—16.3 L/miin'(1.0 
m 3 /h) 

4) Adult female, resting—4.5 L/min (0.3 m 3 /h). 


These figures assume 16 h of rest and 8 h of light 
work per. day, and are in agreement with those from 
other sources (USEPA 1989). 

An average of approximately eight hours per day 
is spent sleeping. This leaves eight waking hours per 
day spent at 'Tight work" and eight hours spent "rest¬ 
ing". Since no single activity period is likely to be 
all "light work" or all 1 'Testing", the two values were 
averaged to produce a respiration rate for "awake". 
These values are as follows: 

Male, awake—1.05 m 3 /h 
Male, asleep—0,4 m 3 /h 
Female, awake—0.65 m 3 /h 
Female, aslfeep—03 m 3 /h. 

Retention efficiency: Retention efficiency for side- 
stream smoke particlfes has been reported by Hiller 
et all (1982, 1987) to be 11%. 

Results of dosimetric calculations 

In any exposure situation^ the retained dose may 
be calculated by the following equation: 


Source: https://www.industrydocuments.ucsf.edu/docs/ffnm0000 
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Dose = Concentration x; duration x respiration rate 

x % retention. 

^ ; •. •: . ; s : ; e ■; from * the 11 m e/ ?.c - 

Resoirraiim .vv /CiCijiatcd r ^nrn R-ose.noVpir. 
The. aSicc.p" category- is given the resting 

respiration rate. All other categories are assigned the 
"awake" respiration rate. 

Percent retention is 11% as calculated by Hiller. 

Exposure to ETS can come in any number or com¬ 
bination of situations. To estimate the breadth of 
possible ETS exposures, doses of ETS have been 
calculated for four different scenarios: 

1) Male and female-exposed at home, in res¬ 
taurants, bars and other public places, but not at work 
or while traveling. This essentially calculates the 
ETS exposure one may expect during nonworking 
hours. 

2) Male and female—exposed only at work and> 
while traveling (assume all transportation by train)., 
This will'produce a conservative estimate of occupa¬ 
tional exposures. 

3) Worst case exposure, male and female—exposed 
at home and whilb traveling, works in a bar and is 
also exposed in other public places (assumes use of 
the average exposure valdes). 

4) Employed vs. unemployed males—exposed in 
all facets of life, employed person works in office 
en vironment. Employed and unemployed females would 
be essentially the same: but' with different respiration 
rates. 


The calculations for each are as;follows: 


ranis.,. a..- ^Lirar yuuuc: places, out not «i 
w.crk.or whilie traveling;. Dose = (concentration-: 
r.ome;x dura.aw.aikc respiration rate;.awake 
x retention;'-r: (concentration: home x duration; 

aslbep x respiration, rate; asleep x retention): + 
(concentration; restaurant x duration x respiration 
rate x retention) + (concentration; bar x duration x 
respiration rate x retention) + (concentration; of¬ 
fices, x duration; other, public x respiration rate x 
retention); 

Male Dose - (27.2 x 6.4 x 1.05 x 0.11) + (27.2 x 7 .5 
x 0.4 x 0.11) + (41.8x 0.5 x 1.05 x 0.11) + (103.7 x 
0.8 x 1.05 x 0.11) + (21.8 x 1,6 x 1.05x 0.11) 

Male Dose = 45.11 pg/day, 16.46 mg/y 
Femalb dose = (27.2 x 8.7 x 0.65 x 0.11) + (27.2 x 
7.8 x 0.3 x 0.11)'+ (41.8 x 0i4 x 0.65 x 0.11) + (103.7 
x 0.9 x 0.65 x 0.11) + (21.8 x 1.6 x 0.65 x 0.11) 
Female Dose = 34.28 pg/day, 12.51 mg/y 

2) Male and' female—exposed only at work and 
whilb traveling. 

Male Dose = 17.19 pg/d, 6.27 mg/y 
Female dose = 6.94 jig/d, 2.53 mg/y 

3) Maximum exposure, male and female—exposed 
at home and'while traveling, works in a bar and is 
also exposed in other public places. 

Male Dose = 108.65 |tg/d, 39.66 mg/y 
Female Dose = 57.62 pg/d, 21.03 mg/y 


Tabic 12 . TotaHumeaUocaiioni for raalfe/femalc. 


LstaUon 

Hales 

Mth/.div 

Hr/div 

females 

Hifi/day_HMLt 

1. Home, awake 

386 

6.4 

52,1 

8,7 

2. Home, As]eep 

452 

7.5 

4 70 

7.8 

3. W6rk 

296 

4 .9 

167 

29 

4. Travel 

81 

1.4. 

67 

1.2 

S. Restaurant 

31 

0.5 

26 

0.4! 

6. Bar 

40 

0..8 

54 

0.9 

7 . Other, pub H f ic 

94 

1.6 

95 

16 

8. Outdoor 

S2 

0.9 

*0 

0.7 

TOTAL 

1.440' 

24.0 

1.440 

24.1* 

*' Total s do not add 

up : to; 24: hours due to 

rounding. 



Tabic 13 . Toial ume aLlbciuona. employed, and unemplbyed per- 
iodi . 

Employed Unemployed 


Location 

Hth/dav 

Hr /d aw 

Mln/diY _ 

Hr/diy 

1 .. Home, Awake 

427 

7.1 

733 

112:. 2 

2. Home, Asleep 

511 

8.5 

499 

81.3 

3, Work 

27,6 

4.6 

5 

0!. 11 

4 . Travel, Pub!1c 

81 

1.4 

37, 

317' 

5. Restaurant 

17 

0.3 

20 

0 L 3 

6. Bar 

33 

0.6 

36 

0:6 

7. Other, Public 

5:1 

1.0 

68 

1.1, 

81 Outdoor 

34 

0.6 

42 

0.7' 

TOTAL 

1.440 

24, r 

1,440 

24 .0 

* Totalis do not 

add!up to 

24 hours due 

to rounding. 



Source: https://www.industrydocuments.ucsf.edu/docs/ffnmOOOO 
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4) Employed vs. unemployed males—exposed in 
all facets of lifestyle, employed person works in 
office environment. 

Employed Male Dose = 60.06 jig/d, 21.92 mg/y 
Unemployed Male Dose = 62.34 jxg/d. 22.76 mg/y. 

There are several c hemic all and exposure pat- 
tern differences between direct smoking and ETS! 
exposure. However, expressing ETS exposure in 
cigarette equivalents is one way to develop a sense 
of the magnitude of exposure. 

Arundel et al. (1988) has calculated a retained 
dbse of particles of 10.56 mg/cigarette and 8.48/mg 
cigarette for male and female direct smokers, 
respectively. Using these figures, the dose in cigarette 
equivalents of particles for each of the four exposure 
scenarios becomes: 

1) Exposed at home, in restaurants and in bars:; 
Male—1.56 cigarette equivalents per year 
Female—1.418: cigarette equivalents per year. 

2) Exposed at work and travel only: 

Male—0.59 cigarette equivalents per year 
Female — 0.30 cigarette equivalents per year. 

3) Maximum, works in a bar, exposed in all facets 
of life: 

Male^3.76 cigarette equivalents per year 
Female—2.418! cigarette equivalents per year. 

4) Employed vs. unemployed males: 

Employed—2.08 ! cigarette equivalents per year 
Unemployed—2.15 cigarette equivalents per year. 

Clearly, such calculations of cigarette equivalents 
have little or no relevance to any assessment of the 
potential risk from exposure to ETS. The mainstream 
smoke particles inhaled during the act of puffing on 
a cigarette will be quite different from ETS particles 
in terms of their precise chemical composition, their 
size distribution and the route in which they are taken 
into the body. However, the calculation of cigarette 
equivalents does at least allow a subjective impres¬ 
sion of the relative doses involved in active smoking 
compared to everyday exposure to ETS. 

DISCUSSION! 

Indoor air and ETS review 

Respirable particulate matter: Table 9 shows the 
mean RSPs in smoking and nonsmoking areas in 
real life conditions. The mean differences between 


nonsmoking and smoking conditions are 27.2 pg/m 3 
for homes, 21.8 for offices and public facilities, 41.8 
for restaurants, in excess of 481.3: for bars and taverns, 
and 30 for trains. 

Carbon monoxide: Table 10 shows carbon monoxide 
concentrations (ppm) in smoking and nonsmoking 
areas in real life conditions. In offices, where the 
data allowed for a smoking/nonsmoking comparison, 
the mean difference was 0.28 \iLfL (0.32 mg/m 3 )i 
Because of the magnitude of this difference com¬ 
pared to the mean levels measured and 1 ranges 
reported, the significance of this difference must be 
questioned. There are essentially no data since 1982 
on nonsmoking conditions in restaurants or bars* The 
slightly higher levels in these areas indicate that 
smoking may account for at lteast part of the CO. 

There is little information on CO in homes. Yuill 
andComeau (1989) report on home CO, but they do 
not indicate whether smoking was present. 

The information on CO levels in transportation 
vehicles indicates little difference between smoking 
and nonsmoking areas on trains. Buses have higher 
levels (6.0 ^iL/L; 6.9 mg/m 3 ) of CO; but from the 
information presented! it is impossible to determine 
if the concentration is affected by tobacco smoke 
or by vehicle exhausts. The higher level of CO 
(11,6 jxL/L; 13.3 mg/m 3 ) in autos where no smoking 
took place indicates that the impact is from vehicle 
exhausts (Flachsbart et ah 1987);. 

Nicotine: Table II shows nicotine concentrations 
in smoking and nonsmoking areas. Nicotine* as ex¬ 
pected, is considerably lower in concentration! in 
nonsmoking compared to smoking areas. The means 
of 6.2, 5.7 and 3.7 4 g/m 3 for offices and public build¬ 
ings, restaurants and homes, respectively, where 
smoking occurred, are extremely low exposures com¬ 
pared to the levels of many other volatile and semi¬ 
volatile substances found in indoor air. Smoking 
sections of trains are slightly higher and, as ex¬ 
pected, bars and taverns exhibited the highest 
mean levels (19.1 |ig/m 3 ). 

Nitrogen dioxide: Most studies which measure 
nitrogen dioxide (NOi) in the indoor environment 
evaluate the effect various appliances, such as gas 
stoves or kerosene heaters, have on NOi concentra¬ 
tions. Only three studies attempted to evaluate the 
impact of ETS on NO 2 levels in homes (Dumont 
1986; Good et all 1982; Hosein et all 1985). Houses 
where smoking occurred had approximately 3.0 
jig/m 3 higher nitrogen dioxide levels than houses 
with no smoking. There are no studies which 
evaluate the effect of ETS on NO 2 levels in offices, 
restaurants, bars, or transport vehicles. 


Source: https://www.industrydocuments.ucsf.edu/docs/ffnm0000 


2026224253 




L.C. Holcomb 


jo 


Formaldehyde: There is a substantial amount of 
information regarding formaldehyde levels indoors. 

However:, little of it evaluates the potential effect of 

eis. if. *> :u re v e" 

u; - i iiOUics (mock 1987) and one study of 
two office b:ui.idin g'S f Hedge et al. 1990) compared 
formaldehyde levels to smoking status.. The residbn* 
::::i study found; uc- increase in formaldehyde levels 
with increased levels of smoking. The office study 
found approximately a 10 nL/L (12.3Tig/m 3 ) increase 
in formaldehyde levels in a designated smoking 
area over a nonsmoking area of one building. How¬ 
ever, there was no difference between the designated 
smoking area in one building and another non¬ 
smoking building. Because of the limited number of 
samples and the number of confounding sources for 
formaldehyde these results must be interpreted with 
caution i 

Benzene: Five studies contained benzene data in 
smoking and nonsmoking areas (see Table 6). In two 
of these studies, nonsmoking areas reportedly 
had higher concentrations of benzene. In three 
studies, nonsmoking areas had lower concentrations 
than smoking areas. The differences are minimal, 
especially whemoutdoor concentrations also are con¬ 
sidered. 

The assumption was made that in studies where 
smoking/nonsmoking was not reported by the author, 
that there was some smoking occurring. Where smok¬ 
ing is assumed to take place, the highest mean level 
recorded was 15.7 pg/m 3 ' However, in nonsmoking 
areas the highest mean was 60.7. In summary, there 
are few data to support a conclusion that smoking has 
a significant impact on benzene concentration in of¬ 
fices. 

The data on benzene in homes suggest that smok¬ 
ing homes have a higher concentration than non¬ 
smoking homes by approximately 3.5 pg/m 3 . lit is 
difficult to separate home-only data from personal 
exposure monitor data except for two studies where 
indoor air benzene ranges from 4.8-14.8 pg/m 3 . The 
one overnight study in homes by Wallace et al. (1987) 
shows an increase of approximately 3.1 pg/m 3 in 
smoking homes vs. nonsmoking homes. 

There are few data on benzene on public transpor- 
tationi A paper by Proctor (1989) on 20 trains shows 
a slightly higher mean concentration of benzene in 
smoking versus nonsmoking areas. The mean dif¬ 
ferences are small. 

Polyaromatic hydrocarbons (PAH's) and nitrosamines: 
PAH’s are commonly found in indoor air. Except for 
naphthalene, quinoline, and isoquinoline, the levels 
measured are in the low ng/m 3 range (Table 8). Few 


studies have compared PAH levels in smoking and 
nonsmoking environments The : 

revie'w v -hirh h. , „ . 

..Jut: 0V?. >0 r/n aim or [jn*. C'0 T V 

cemtration of various PAH s; may come ' v ^v*. ; o■ ■-■ - 
smoke. Because of the paucity of dav ; i:;u v.. cc 
interpreted with caution. The presence, of the.se. sub¬ 
stances has also been documented in wood, smoke, 
automotive exhaust, foods, alcoholic beverages,, and 
cosmetics (NTP 1989). 

Two studies have reported the presence of N- 
nitrosodiethylamine (NDEA) and Ni-nitrosodimethyl- 
amine (NDMA) in smoke-filled rooms (Table 7). These 
are not tobacco-specific nitrosamines. The lack of 
reported background levels and'the unusually high 
level of smoking prevents the evaluation of ETS 
contribution to these substances, Other nitrosamines 
reported to be found in tobacco smoke have either 
not been monitored or not been reported in ambient 
air where ETS is present. 

The U.S. Surgeon General (1986) and NRC (1986) 
reports include summary tables of known or suspect 
human carcinogens present in concentrated side- 
stream and mainstream tobacco smoke. Concentrated 
sidestream and mainstream tobacco smoke are not 
representative of ambient air ETS because the con¬ 
centrated smoke is subject to dilution in ambient air, 
removal by sinks or filtration, and possible transfor¬ 
mation (Reason 11987), 

Based on current literature, it appears that ETS has 
an effect on the levels of nicotine and respirable 
particles in an indoor environment. There also is a 
slight increase in NOx levels in the presence of ETS. 
ETS appears to have less effect on the levels of 
carbon monoxide, formaldehyde, or benzene. 

Odor and irritation: Studies; by Cain et all (1987). 
Weber (1984), and Weber and Grandjean (11987) 
indicate that levels of ETS which'produce carbon 
monoxide concentrations below 1.5-2 0 pL/L, 
(1.7-2.3 mg/m 3 ) also will be acceptable to 80% or 
more of the occupants in terms of irritation, odor, and 
overall quality. Where a moderate amount of smok¬ 
ing occurs, this level is unlikely to be approached. 
This conclusion'is reflected in ASHRAE Standard 
62-1989 (ASHRAE 1989), which does not separate 
smoking and!no-smoking areas in terms of recom¬ 
mended ventilation rates. 

It is possible that the 1.5-2.0 pL/L (1.7-2.3 mig/m 3 ) 
level of carbon monoxide may be exceeded! in some 
cases. This would occur either in heavy smoking 
situations, such as those found in bars or smoking 
lounges, or where inadequate ventilation occurs. 


Source: https://www.industrydocuments.ucsf.edu/docs/ffnmOOOO 
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Dosimetric calculations 

°" v .??n' th?: cf R'SiP : retained **?.— 


- JApOS^u 1 yiii:y diL vVOf.C l Ll 3 ppIOXI Ilia.Lc . ■ 

~'j inti-., for a mate exposed m.ail facets of his i:r- 
Ow. .. r -a:ii.onai exposure: is on.iy a: minor poriiier. 
;uia:i exposure in mosi eases; Exposures i;n, one:' ;■ 

private life may produce the largest retained db.se;of 
ETS particulates. 

For exposures received while in transit^ it was 
assumed that all transit time was spent in the smoking 
section of trains. Actual time allocation data (Jenkins 
et ai. 1990) indicate that only 5% of travel time is 
spent on public transport. It is believed that when 
traveling by auto, nonsmokers will generally choose 
to travel with other nonsmokers. There are no data 
comparing paniculate levels in autos where smoking 
occurs to levels were there is no smoking. However, 
carbon monoxide levels of 8.8-22.3 jiL/L (10.1- 
25.6 mg/m 3 ) found by Flachsbart et al. (1987) sug¬ 
gest that exposures in automobilfes come primarily 
from vehicle exhaust and not ETS. Thus, the choice 
of trains as a surrogate for ETS exposure while iin; 
transit is conservative. 

The estimated: mean RSP dose of exposure to the 
population of nonsmoking adults is based o:m the 
difference between smoking and nonsmoking en¬ 
vironments. There is a possibility that a person could 
be exposed! tO'the high end of the range of RSPs as 
reported in the literature. The likelihood is that the 
bulk of the RSPs in those situations would be from 
sources other than,tobacco smoke. 

Persons also may be exposed to the upper limits;of 
ETS—derived RSP ranges. Generally, these are for 
short time intervals. The mean difference values for 
the: various categories of exposure should reflect the 
overall minimum and maximum exposure such 
that the total dose for the year would be included. 

Attempts to calculate increased risk or excess mor¬ 
tality from lung cancer (Repace 1985; MRC 1986) 
and heart disease (Weils 1988; Glantz and Parmley 
1991) reportedly resulting from ETS exposure are 
not uncommon. These calculations, however, rely 
almost exclusively on epidemiolbgtc studies that have 
no adequate measure of exposure or dose. Such studies 
are known to be subject to problems of bias (Lee 
1987)' and confounding factors (Koo et al. 1988) 
which have not been taken adequately into account 

One of the paradigms of toxicology is that the 
magnitude of the dose determines the response. Com¬ 
paring the dose one may receive from ETS to the 
magnitude of claimed health effects provides one 
measure of the accuracy of those claims. 


Other studies that have calculated! ETS dosage 

discrepancies oetween me:iexei *•, ;i.'K.' a;;-: : 
tile epukrmolbgy suid:ie$ : anu 1 : ; '■ ■ :; ■ . ■--t 

ported by dosimetric, caic.ulan^na.. Wclte • 

Repuce a no i c > . .... n av e c.-ju. . ..i _ 

to address this discrepancy. Wells argues that the 
majority of the "tar" fraction of ETS may be m the 
vapor phase. He claims that this vapor phase would 
be retained 100%, producing the majority of the dose 
one would receive. Thus, he suggests that' particles 
are not an accurate measure of ETS dose. However, 
the compounds he lists as candidates for vapor phase 
tar components are not convincing in terms of their 
potential human health effects. They also are sub¬ 
stances that have only been measured in con¬ 
centrated sidestream and mainstream' smoke, not 
ambient ETS. Until levels of these compounds are 
actually shown to increase in the presence of ETS, 
his argument must be considered speculative. 

Repace and! Lowrey (1991) calculate a daily in¬ 
haled dose of ETS particles between 1.4 and 14 mg/d. 
Calculations based on literature values of ETS con¬ 
centrations from this paper indicate an inhaled dose 
of between 0,1! and 0,06 mg/d. When one considers 
that' only 11% of these particulates are retained,, the 
actual dose becomes 0.01 to 0,006 mg/d or 11/140 to 
1/233 of the dbse claimed by Repace and Lowrey, 

Until the problems of confounding and bias in the 
epidemiology studies are resolved, dosimetric con¬ 
siderations can be the only independent confirmation 
of the accuracy of their claims. At this point,, it can 
only be concluded that the estimated dose of ETS one 
can be expected to receive does not support the health 
risk claims being made by USEPA (1990) and others. 
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Uptake of tobacco smoke constituents on exposure 
to environmental tobacco smoke (UTS) 

G. Scherer, C. Conze. A .R. Tricker,. and F Adlkofer 

Analyiasch-biologisches Forschungslabor Prof. F. Adlkoter, Miinchen 


Summary. For the purpose of risk evaluation, pas¬ 
sive smoking is frequently regarded as low-dose 
cigarette smoking. However, since the physical! 
chemical and biological properties of mainstream 
I smoke (MS), which is inhaled by the smoker and 
environmental tobacco smoke (ETS), which is 
breathed by the passive smoker are quite different, 
risk extrapolation from active smoking to passive 
smoking is of doubtful value. In a series of experi¬ 
mental exposure studies we comparedl the uptake 
of tobacco smoke constituents by active and pas¬ 
sive smoking. The results show that biomarkers 
which were found to be elevated'after experimental 
ETS exposure, such as nicotine and cotunine in 
plasma and urine as well as thioethers in urine, 
indicate gas-phase exposure in passive smokers, 
but particle-phase exposure in active smokers. Bio¬ 
markers which should'indicate the uptake of parti¬ 
cle-bound, genotoxic substances with ETS. such 
as urinary mutagenicity, metabolites of polycyclic 
aromatic hydrocarbons (PAH) and DNA adducts, 
were not found to be elevated even after extremely 
high ETS exposure. From these results we conclude 
that a risk evaluation for passive smoking on the 
basis of dosimetric data is currently not possible: 

Key words: Environmental tobacco smoke (ETS) 
- Passive smoking - Smoking - Biomonitoring- 
Gas phase - Particle phase - Genotoxic substances 

Abbreviations: 1 -ABP = 4-aminobiphenyl: BaA - benzo(alanth- 
racene: BaP^benzo(a)pyrene; BE = butanol extraction: BeP = 
benzo(e)pyrene; CO = carbon i monoxide; COH b = carboxyhae- 
moglobin: DABS = DNA binding substances: DRZ = diasDnaI 
radioactive zone:; ETS = environmental tobacco smoke: GC = 
gas chromatography: GC/MS-gas chromatograph) coupled 
to m ass spectrom e try ; H P L. C = h i gh performa nee liquid ; ch ro* 
maloeraphy; HPMA = 3-hydroxypropylmercapturic acid: 
MS = mainstream smoke: NNK -4v(/V'-nHrosomethylamino}-l- 
(3 L pyndyl)-l-butanone:: NNN'= A-nitrosonomicotine:: NO, = 
nitrogen oxides (NO/N0 2 ): PAH = polycyclic aromatic hydro¬ 
carbons; PhlP^Z-amino-l-methyl-b-phenylimidiiZo^^'bipyr- 
idine: PI = nuclease Pi'; RSP— respirable particles 


Chronic exposure of non-smokers to environmen¬ 
tal tobacco smoke (ETS). also termed passive or 
involuntary smoking, has been associated with 
health damage, in particular lung cancer [26, 70]. 
The evidence for a causal relationship is rather 
weak, and primarily based on epidemiological 
findings and! linear risk extrapolations from smok¬ 
ers to passive smokers. Meta-analyses of more than 1 
20 epidemiological studies show a relative lung 
cancer risk of l.Jk-11.3 for non-smokers living with 
a smoking spouse as compared with those living 
with a non-smoking spouse [37]. Since such low 
risks are highly sensitive to bias and confounding 
factors, which are not eliminated by meta-analysis 
[!15. 6.9], it is unlikely that the controversy can be 
solved bv epidemiological investigations. Risk ex¬ 
trapolation from active to passive smoking simply 
assumes that passive smoking is a kind'of low -dose 
cigarette smoking [70]. Doses are expressed as ‘cig¬ 
arette equivalents* based on single tobacco-smoke 
constituents such as nicotine or its major metabo¬ 
lite cotinine [56] or respirable particles [i55]l These 
approaches have been: criticized! mainly due to 
physical, chemical: and biological differences be¬ 
tween MS and ETS [9]! 

Tabled summarizes some major differences be¬ 
tween active and passive smoking: In contrast to 
smokers, passive smokers breath aged tobacco 
smoke. In vitro tests suggest that aged ETS is less 
cytotoxic than freshi MS inhaled by the smoker 
[65]. The smaller size of ETS particles as compared 
with MS particles [26. 70]i and the differences in 
inhalation patterns between passive and active 
smoking lead to much lower particle deposition 
rates of 11% im passive smokers [21] as compared 
withi 50-90% in smokers [i22][ Furthermore, the 
intact clearing; mechanism of the respiratory tract 
of non-smokers; removes particles more effectively 
thani the respiratory tract of smokers which may 
become damaged due to long-term cigarette smok- 
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Table I. Differences betweeniactive and passive smoking 
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[ *;t ra meien Kote rencc) 

Active 

smoking 

Passive 

smoking 

Age of smoke 

Fresh 

Aged 

Cvtoioxiciiv ,(65): 

High 

Low 

Particle size (7.0) 

0.2-0.4 pm 

0.1-0.2 pm 

Inhalation pattern 

Intcrrnmeni 
deep bursts 

Continuous 

normal 

breathing 

Particle deposition (21, 22) 

50-90% 

H-15%: 

Clearing mechanism (41) 

May be 
damaged 

Intact 

pH of smoke (33. 70) 

6.0-6.2 “ 

6.7-7.5 

Enzyme induction (46. 54) 

High 

Negligible 


ing [41]. ETS is more alkaline than MS [34]. and 
this results in ani increased absorption! of nicotine 
in the oral! cavity [28]. Toxifying and! detoxifying 
enzymes have been found to be indticed in smokers 
[46. 54]; Whether this is beneficial or harmful for 
the exposed individual is not known. Finally, risk 
extrapolation; to very low doses is extremely uncer¬ 
tain since the shape of the dose^response curve 
in this range is based! on assumptions and not om 
experimental or epidemiological data [12]. 

Estimates for the uptake of gas-phase and par¬ 
ticulate-phase constituents by active and passive 
smoking are presented in Table 2 based on the dif¬ 
ferent deposition rates for smoking and! ETS expo¬ 
sure [21, 22], The theoretical uptake of particle- 
bound substances:is 2-3 orders of magnitude high¬ 
er in smokers than in passive smokers, whereas 
the ratio is about 5 for gas-phase constituents 
under extreme exposure to ETS; This could be of 
importance with respect to lung cancer risk by pas¬ 


sive smoking. considering the fact that the tumori- 
genic effect of tobacco smoke is mainly attributed 
to the particle phase [26], 

Ih a series of experimental studies. w,e quanti¬ 
fied the uptake of tobacco smoke constituents by 
active and passive smoking in order to verify these 
theoretical considerations. In addition to the most 
common biomarkers for tobacco smoke exposure 
such; as carboxyhaemogJobin (COHlb). nicotine 
and cotinine in body fluids, we were particularly 
interested in the uptake of genotoxic substances 
and their biological effects in the human organism. 
Furthermore, our efforts were aimed at determin¬ 
ing whether or not passive smoking can be re¬ 
garded simply as low-dose cigarette smoking for 
risk evaluation. 

Methods 

Study protocols 

Study protocols have been described in detail else¬ 
where [2. 62-64]. AUI subjects were healthy male 
volunteers aged 20 to 40 years. For each study 
they stayed in the laboratory from the evening of 
the first experimental day until the morning after 
the last experimental day: During the study period, 
smokers were not allowed to smoke except during 
the special smoking or ETS exposure sessions. 
These sessions usually last for 8 h and 1 took place 
in an unventilated, furnished room with five smok¬ 
ing and five non-smoking: subjects present. The 
smokers smoked cigarettes of their usual brand! to 
prescribed schedules. Sham-exposure sessions 
(control days) were performed in exactly the same 
wav without smoking: During the studies, subjects. 


Tablt 2. Estimated uptake doses by active and passive smoking 4 


Tobacco smoke constituents 

Smoking (S) 

(20 cig/d) 

Passive smoking 
(PS) (8 h.d) 

Dose ratio 
S/PS 

Gaseous phase 




CO (mg) 

40-400 

1H.4-96 

2.7-412 

Formaldehyde 1mg) 

0.44-1.8 

0.08-0.4 

4-5 

Volatile nitrosamines (pg) 

0.05-1.0 

0.03-0.4 

1,5-2.5 i 

Benzene(pg) 

20(T-1200 

40-400 

3-5 

Particulate matter 




Particles (mg) 

75-300 

0:025^0.24 

1250-3000 

Nicotine (mg)f* 

7.5-30 

0.08-0.4 

75-90 

BaF (pg) 

0.115-0.75 

O.OOI-OiOU 

70-150 

Cadmium (pg)' 

1.5 

0.001-0.014 

110-1500 

Tobacco-specific nit rosamines (pg) 

4.5-45 

0.002-0.01O' 

2300-4500 


4 Data are compiled according to reference 62 

b Nicotine is panicle-bound imMS and a gas-pHase constituents in ETS [14] 


Source: https://www.industrydocuments.ucsf.edu/docs/ffnmOOOO 


mte a> defined diet low in PAH [39]. which was 
identicail im quality and quantity on eachi day of 
the investigations. Urine (24 h ) was collected from 
all subjects beginning at 8 a.m. on each day. Blood 
was drawn into heparinized tubes immediately be¬ 
fore and after each experimental session. 

Study 1 [62] comprised four experimental days 
with eight smokers taking part. Day 1 and dky 
3 were control 1 days without smoking. On day 2 
each subject smoked 24 cigarettes in 8 h (1 ciga^ 
rette/20 min) through an empty filterholder. On 
day 4 the same number of cigarettes were smoked 
with a glass-fibre filter in the holder which re¬ 
moved > 99% of the smoke particles. During the 
smoking sessions, the room was adequately venti¬ 
lated 1 so that ETS exposure was minimal. 

In Study 2 [62], five smokers and five non-smokers 
took part over 5 days. On day II no smoking, ETS 
exposure or sham exposure took place. Day 2 and I 
day 4 were control days with 8-h sham-exposure 
sessions; On day 3 the non-smokers were exposed 
to the gas phase of ETS for 8 h. For this purpose 
the non-smokers wore masks equipped with filters 
(Sekur Polimask-PC filter classes PI and P2, Pi- 
relllii Germany); which retained >99% of the re¬ 
spirable particle mass in the inspired air. The 
smokers who generated the ETS each smoked 24 
cigarettes in 8 h (1 cigarette/20 min) and! were not 
exposed to ETS as they smoked cigarettes outsidb 
the room through a glkss wall with the lit end of 
the cigarette positioned inside the ETS exposure 
room. The exhalbd smoke was blbwn through a 
one-way valve into the exposure room; In order 
to have the same occupancy, five additional volun¬ 
teers sat in the experimental room. On day 5 the 
non-smokers wore no face masks and were thus 
exposed to whole ETS. The smokers smoked in 
the experimentaliroom. 

Study 3 [1631] comprised four experimental! days 
with i five smokers and five non-smokers. Day 1 
and day 3 were control days. On day 2 and day 
4, the non-smokers were exposed to whole ETS 
generated by the five smokers who each smoked 
24 cigarettes during 8 h. On day 4 the smokers 
smoked through glass-fibre filters and were thus 
exposed to only the gas phase of MS. 

Study 4 [2] hadlonly one experimental day during 
which eight non-smokers were exposed to the ETS 
of two smokers for 9 Hl Smoking frequency was 
adusted so that CO concentration fluctuated 
around 10 ppm. 


Study 5 [64] was identical to study 3. However 
the smokers smoked the whole MIS on bouF expo¬ 
sure days. 

Air monitoring 

Air sampling tubes were installed at the breathing 
height of a seated person at the end of the room 
opposite the seated smokers. CO was measured 
continuously by an infrared CO monitor (UNOR 
6N) (Fa. Maihak. Hamburg, FRG). Nitrogen ox¬ 
ides (N0/N0 2 ) were detected by chemoltimines- 
cence using a NitrogemOxidb Analyzer. Model 
8840 (Monitor Labs Inc., USA). Nicotine was de¬ 
termined according to the method of Odgen [43]. 
The alkaloid was absorbed on XAD-4 resin with 
an air flow rate of 1 1/min. 3-Vinylpyridine was 
determined in the same samples as nicotine [11]. 
Sampling times were 4 h on the sham-exposure 
dkys and 2 h on the exposure days. Carbonyl com¬ 
pounds (aldehydes) were sampled on Sep-PAK C 18 
(Waters Associates, Milford, Mass., USA) coated 
with 2,4-dinitrophenyIhydrazine and determined 
by HPLC [35] [ Flow rates and sampling times were 
similar to those for nicotine. Respirable particles 
(RSP) were determined gravimetrically according 
to the method of Conner [8]. Solanesoll was deter¬ 
mined by HPLC in methanol extracts of the filter 
pads used for particle sampiine [45]. The sampling; 
flow rate was 11.5-2.0 1/min. Sampling periods were 
similar to those for nicotine. PAHi were detected 
according to the method! of Grimmer et al. [ 17]L 
Benzene was measured by a modification of the 
NIOSH method [42], Sampling times ranged from 
110 to 60 mini with flow rates ranging from 0:5 to 
2.0 l/mini The tobacco-specific nitrosamines .V-ni- 
trosonornicotine (NNN) and 4-(A-nitrosomethyla- 
mino)-li-(3-pyridyr)-l-butanone (NNK) were de¬ 
termined by GC/thermal energy analyser detection 
after sample clean-up' bv column chromatography 
[331- 

Biomonitoring 

COHb was determined spectrophotometrically on 
fresh blood samples with an IL 182 CO-Oxirneter 
(Iwtrumentation Laboratories Ltd. USA); Nicotine 
was determined in plasma and urine by gas chro¬ 
matography [20] and cotinine in plasma and urine 
by a modified radioimmunoassay method [36], 
Thioethers were measured in urine by quantifying 
the sulphhydryllgroups with Ellman's reagent after 
alkaline hydrolysis [3.19]. Sulphur-containing acid 
compounds in urine were profiled by capillary GC 
with S-specific dbtection of the methyl esters with 


Source: https://www.industrydocuments.ucsf.edu/docs/ffnm0000 


ana without: sikiuiiom following clean-up by ex¬ 
traction with etihylhcelate and column chromato¬ 
graphy. 3-H ! ydiroxypropylniericaptiurie acid (HiPMA) 
was quantified: with an S-specific detector after a 
similar clean-up procedure. Hydr oxy p hen a n t h re- 
nes and hydroxypvrenes in urine were analysed by- 
enzyme hydrolysis, extraction into w-hexane and 
clean-up by HPLC fractionation prior to detection 
as silylated derivatives using GC/MS. Urinary mu¬ 
tagenicity was determined as previously described! 
using the Salmonella typhimurium (TA 98)/micro- 
some assay [62]. DNA adducts in lymphocytes 
were determined by the 32 P-postlabelling assay as 
previously described [24]. Lymphocytes were iso¬ 
lated fromthe supernatant of white blood cell cul¬ 
tures [24]. DNA binding substances (DABS) in the 
particle fractions of MS and ETS as well as in 
urine extracts were detected by 32 P-postlabellmg 
of digested DN A isolated from inivitro incubations 
(37° C. 1 h) of calf thymus DNA with hepatic 59- 
mix of aroclor-induced rats and!cofactors [5, 64 ], 

Statistical analysis 

Paired samples (exposed vs non-exposed) were an¬ 
alysed using the Student's /-test. For blood! and 


plasma' parameters; the level in the respective 
morning sample before the start of exposure was 
used as the non-exposed reference value. Similarly. 
24-h urine of the previous control day was used! 
as the non-exposed reference value. 


Results and discussion 

Exposure levels 

The results for air monitoring in the experimental I 
room in study 2 are shown in Table 3. ETS compo¬ 
nents are divided into particle-bound and gas- 
phase constituents. Except for gas-phase phen- 
anthrene and pyrene, significant increases were 
measured! on the days with experimental ETS ex¬ 
posure (dhy 3 and 5) as compared with the sham- 
exposure days (days 2 and 4). The concentrations 
lor the most frequently used ETS markers such 
as RSP (3-4 mg/m 3 ). CO (24 ppm) and nicotine 
(71 jig/m 3 ) were 10 times higher than those found 
in everyday environments where real-life exposure 
to ETS may occur. For example, typical RSP con¬ 
centrations in real-life rooms where smoking takes 
place range from' 0.05 to 0.35 mg/m 3 [44. 67]. 


Table 3. Air monitDring in the experimental room during study 2. Data are time-weighted averages for the 8-h exposure sessions. 
Days 2 and 4 were shamrexposure sessions, and during day 3 and day 5 sessions a totaliof 120 cigarettes were smoked 



Day 






3' 

4 

5 

Particulate matter 

RSP (pg/m 3 )' 

77 

3181 

78 

4091 

BaP (rvg/m 3 ) 

02 

21,5 

0.3 

26.7 

BeP (ng/m 3 ); 

0.8 

21,5 

0.8 

24.9 

Coronene (ng/m 3 ) 

0.1 

2.8 

0.6 

1 T 

Anthanthrene <ng/m 3 )i 
Benzfluoranthenes 

0.06 

3,9 

0.07 

3,1 

(b+ji+k) (ng/m 3 ) 

11 

52.3 

1.7 

55.3 

Chrysene (ng/m 3 ) 

1,8 

54.2 

1.5 

70.5 

BaA (ing/m 3 ) 

2.1 

18.9 

1.1 

26.2 

Phenanthrene (ng/m 3 ) 

3.7 

6.8 

1.8 

7.4 

Pyrene (ng/m 3 ) 

0.6 

17.6 

0.7 

20.5 

NNNi(ing/m 3 ) 

1 

4 

1 

5 

NNK <ng,m 3 > 

li 

9 

1 

6 

Gaseous phase 

CO (ppm) 

1:4 

24: 

2.0 

24 

NO x (ppb) 

38 

422 

56 

449 

Formaldehyde (pg/mi 3 ); 

3 

48 


49 

Acetaldthydfc (ng/m 3 ) 

290 

1450 

8:5 

1390 

Propionaldehydb (pg/m 3 ) 

15 

120 

14 

120: 

Nicotine (pg/m 3 )' 

4 

71 

6 

71 

Benzene (pg;m 3 ) 

8 

190 

12 

206: 

Phenanthrene (mg/m 3 ) 

138 

154 

nd 

258 

Pyrene (ing/m 3 ) 

29 

24 

nd 

25 


Source: https://www.industrydocuments.ucsf.edu/docs/ffnm0000 
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COHb(%) 

15 T, Smokers: 


2 



0 12 24 36 48 60 72 84 96 108 120 132 h 



Fig. 1 . Time-courses ofcarboxyhaemogiobin (COHb) for smok¬ 
ers (study 1) and non-smokers (study 2). Data are means with, 
standard (deviation bars 

Therefore, ETS exposure levels in our studies have 
to be regarded as purely experimental. 

More recently, 3-vinylpyridine has been pro* 
posed as a gas-phase marker for ETS [lli]| and 
solanesofas a particle-phase marker for ETS [44] \ 
In i study 5 we measured both ETS components. 
3-Vinylpyridine concentrations were 0 and 15 jag/ 
m 3 on the control and exposure days, respectively. 
For solanesol the respective levels were 0 and 
110 jig/m 3 . Solanesol concentrations under real- 
life conditions range form 6.4 to 12.8 pg/m 3 [44]. 

Biomonitoring 

In the following sections; the uptake of different 
tobacco smoke constituents after experimental 
ETS exposure are compared with those after active 
smoking. For some substances, the experimental 
design allows differentiation between uptake as 
gas-phase or as particle-bound substances [62]. 

Carboxyhaemoglobin (COHb). The time-courses 
of COHb' for smokers and ETS-exposed! non- 
smokers are shown in Fig. 1, As expected, increases 


after gas-phase and whole MS or ETS exposure 
are similkr. The reasons for the somewhat higher 
COHb levels after gas-phase MS smoking as com¬ 
pared with whole MS smoking and whole ETS 
exposure as compared with gas-phase ETS expo¬ 
sure have been discussed previously [62]. Under 
the experimental conditions applied, the mean in¬ 
crease in COHb after smoking (6.5-8 2%) is three 
times larger than that after ETS exposure (2.5%), 
which is in agreement with the estimated uptake 
ratio (Table 2) considering that the experimental 
conditions involved extremely high exposure to 
ETS containing 24 ppm CO for 8 hi Undfer real-life 
ETS exposure, no increase, or only a marginal in*- 
crease. in COHb concentration is observed! [29, 
68 ]i which again demonstrates that extremely high 
ETS doses were appliedl Due to its low sensitivity 
and lack of specificity, COHb is not a suitable bio¬ 
marker for everyday ETS exposure. 

Nicotine and cotinine. The uptake of nicotine was 
monitored by determining nicotine (Fig. 2) and co* 
tinine (Fig. 3) in both plasma and urine. The re¬ 
sults clearly show that smokers take up nicotine 
in particle-bound form. Itucontrast to this, nicotine 
is taken up as a gas-phase constituent from ETS 
(Fig, 2). Due to the reduced capacity of non-smok¬ 
ers to metabolize nicotine to cotinine and the long 
biological half-lives of both these compound^, 
higher amounts of cotinine are found in plasma 
and urine on the days after exposure of non-smok¬ 
ers to gas phase and whole ETS than on the actual 
exposure days (Fig. 3). These Findings are in agree¬ 
ment with analytical data showing the nicotine in 
MS is particle-bound, whereas it is nearly exclu¬ 
sively found in the gas phase of ETS [14]. There¬ 
fore. nicotine and cotinine in body fluids are bio- 
markers for the uptake of smoke particles in active 
smokers but indicate ETS gas phase exposure in 
passive smokers. Comparison of cotinine levels im 
body fluids of active and passive smokers for the 
purpose of risk estimation, as performed by Russell i 
[|56], is therefore misleading. On the other hand, 
cotinine in plasma, urine and! saliva is presently 
the most reliable biomarker for ETS exposure [29], 
as long as comparisons are limited to subjects with 
different' degrees of ETS exposure. Extrapolation 
from the uptake of nicotine to that of other tobac¬ 
co smoke constituents is of doubtful! validity due 
to> a more rapid removal of nicotine than other 
components from ETS in indoor environments 

[14 

Thioethers (mercapturic acids). The urinary excre¬ 
tion of thioethers is regarded to be an indicator 
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Source: https://www.industrydocuments.ucsf.edu/docs/ffnmOOOO 







































358 


Thioethers in urine (^Mol/24h) HPMA (mg/24! h): 






Fig. 4. Left. Urinary excretion of thioethers by smokers (study 1) and non-smokers (study 2). Right. Urinary excretion of 3- 
hydroxypropylmercapturic acid (HPM A) by smokers (study 2) and non-smokers (study 2), Data are means with standard (deviation 
bars 


of the exposure to electrophilic substances [6ft The 
intracellular glutathione-S-alkyI-transferase/-glu- 
tathione system'protects the organism from the de¬ 
structive effects of electrophiles by binding them 
to the free SH^group of glutathione. Smoking has 
been shown to increase thioether excretion [|71], 
We have confirmed this in a previous study [61]. 
In addition, we also found a significant increase 
in thioether excretion by non-smokers after high 
ETS exposure. In' more recent studies [62ft we 
showed that the elevated thioether excretion by 
smokers is primarily caused by uptake of MS parti¬ 
cles, whereas in ETS-exposed non-smokers the in¬ 
crease in'thioether excretion is due to only the gas 
phase of ETS (Fig. 4), 

The tobacco smoke constituents responsible for 
thioether formation are unknown. In a first at¬ 
tempt to characterize and identify tobacco smoke- 
related thioethers, we profiled the sulphur-contain¬ 
ing acids (assumed to contain the majority of mer- 
capturic acids) in the urine of smokers and non- 
smokers with and without smoking or ETS expo¬ 
sure, respectively. In most of the subjects, the 


number and intensity of the S-containing peaks 
in the gas chromatograms increased after tobacco 
smoke exposure. However, identification of specif¬ 
ic mercapturic acids turned out to be very difficult 
in these complex mixtures. We were able to identify 
3-hydroxypropyImercapturic acid (HPMA) in ur¬ 
ine of smokers and ETS-exposed non-smokers. 
The elevation of HPMA in urine of passive smok¬ 
ers is exclusively caused by the gas phase of ETS 
(Fig. 4). No assertion for smoking with respect to 
HPMA being formed by gas- or particle-phase 
constituents of MS can be made, since HPMA was 
not determined in study 1. It is not clear whichi 
tobacco smoke constituents are responsible for the 
in vivo formation of HPMA. After application of 
acrolein to rats, HPMA has been reported to be 
a major metabolite in urine [32]. However, this 
was not confirmed in a more recent investigation 
[ 10 ]. 

The elevation of non-specific urinary thioethers 
following exposure of active Smokers to particulate 
matter and' passive smolcers to gas-phase ETS 
again shows that differences exist between active 


Source: https://www.industrydocuments.ucsf.edu/docs/ffnmOOOO 



















Fig, 5. Left, Urinary excretion of hydroxyphenanthrenes by smokers (Study 2) and non-smokers {study 2). Hydroxyphenanthrenes 
are the sum of 1-, 2-, 3-. 4- and 9-OH-phenanthrene. Right. Urinary excretion of hydroxypyrenes by smokers (study 2) and 
non-smokers (study 2). Hydroxypyrenes are the sum of 1- and 2-OH^pyrene, Data are means with standard deviation bars 



smoking and! exposure to ETS, and an extrapola¬ 
tion from active to passive smoking cannot be 
made. 

In general, the determination of urinary 
thioethers is not w suitable methodl for biological 
monitoring of tobacco smoke exposure. Apart 
from the low sensitivity and the lack of specificity^ 
the main reason is that changes in thioether excre¬ 
tion can only be detected when the diet is carefully 
controiledlas performed in our studies [2, 611, 62]. 

Polycyclic aromatic hydrocarbons (PAH). PAH 
represent a class of carcinogens in tobacco smoke 
which has been intensively investigated! Their im¬ 
portance in tobacco smoke carcinogenesis has pre¬ 
viously been rated high ,[18]! More recently, other 
carcinogens, such as nitrosamines and free radi- 
cails^ as well I as cocarcinogens; and promoters, are 
assumed'to be of similar, or even greater,, impor¬ 
tance ini tobacco smoke carcinogenesis [26]i Hyd¬ 
roxyphenanthrenes ; [23] and hydroxypyrenes [30] 
in urine have been proposed as biomarkers for the 
uptake of PAH. Phenanthrene is primarily a gas- 
phase constituent of ETS, the background! concen¬ 


tration is relatively high as can be seen from the 
level of 138 ng/m 3 observed on day 2 of study 2, 
when no smoking took place in the experimental 
room (Table 3). ETS exposure, either with gas- 
phase or whole ETS. does not lead to a measurable 
increase in urinary hydroxyphenanthrene excretion 
(Fig. 5). After smoking, a small but significant in¬ 
crease was found (Fig. 5). In everyday passive 
smoking, ETS-related uptake of phenanthrene 
(and PAH in genral) can be neglected! particularly 
when the diet as an important source for PAH 
uptake is considered![39]. 

The same conclusion can also be drawn from 
the findings with urinary hydroxypyrene excretion 
after smoking and ETS exposure (Fig. 5). A small 
but significant increase is observed after smoking. 
The room air measurements show pyrene concen¬ 
trations in the gas phase of about 25-30 ng/m 3 , 
which are unrelated'to the actual smoking taking 
place in the room (Table 3). The particle-bound 
pyrene levels increased from; <1 ng/m 3 without 
smoking to 18-20 ng/m 3 with smoking (Table 3). 
However, this increase in particle-bound pyrene 
did not lead to a measurable elevation' ini urinary 


Source: https://www.industrydocunnents.ucsf.edu/docs/ffnnnOOOO 

















Mutagenicity ini urine (rev/24h) 




Fig. 6. Urinary mutagenicity in smokers (study 1) and non- 
smokers (study 2)j Data are means with standard deviation 
bars 


hydroxypyrene excretion after whole ETS expo¬ 
sure, indicating that either the background body 
burden of pyrene was too high and/or uptake of 
ETS particle phase was too low. The latter expla¬ 
nation is in accordance with the low deposition 
rate of ETS particles in the respiratory tract dbning 
passive smoking [21]. 

Determination of PAH metabolites in urine is 
not sensitive enoughi for biomonitoring of ETS ex¬ 
posure under real-life conditions. The data shown 
here and those from our earlier studies [li, 23, 29] 
suggest that passive smoking only marginally con¬ 
tributes to the everyday PAH exposure. General 
air pollution and diet are the major exposure 
sources to PAH. 


Mutagenicity. A more general approach for deter¬ 
mining the uptake of genotoxic substances is the 
measurement of urinary mutagenicity in exposed 
subjects. Increased! mutagenicity in smokers" urine 
has been found in many studies [26]. Our results 
with active smokers clearly show that the urinary 


mutagenicity is caused nearly exclusively by the 
uptake of MS particulate matter (Fig. 6). Whether 
ETS exposure can lead to am elevated 1 urinary mu¬ 
tagenicity is a matter of controversy. In most inves¬ 
tigations no significant increase has been observed 
[25. 31. 60. 66]. In two studies [4. 40]: with experi- 
imental ETS exposures comparable to those in our 
investigations [60. 62], a significant elevation in 
urinary mutagenicity was found. In study 2, uri¬ 
nary mutagenic activity after gas-phase and whole 
ETS exposure were within the normal fluctuations 
of the method (Fig. 8) [62]. There is sufficient evi¬ 
dence that ETS particles are mutagenic [38]. In 
ETS about 10% [57], and in sidestream smoke (SS) 
about 20% [7]; of the mutagenic activity has been 
found in the vapour phase. Therefore, it can be 
assumed that the mutagenic activity of ETS is pri¬ 
marily particle bound. 

Based on the particle concentration occurring 
during experimental ETS exposure (Table 3), a 
breathing rate of 0 5 m 3 /h and! a deposition rate 
of 11!% [21], it can be estimated that the non- 
smokers in study 2 could have taken up about 
1.8 mg of ETS particles during exposure on day 
5 compared with about 300 mg of MS particles 
taken up the smokers smoking 24 cigarettes. As¬ 
suming similar specific mutagenic activities for 
ETS and MS particles (MS particles have been re¬ 
ported to have a specific activity 2-3 times higher 
than SS particles) [7], ETS exposure in terms of 
particle exposure would be equivalent to smoking 
0:14! cigarettes. In our experience, the Ames test 
for detection of urinary mutagenicits is far too in¬ 
sensitive to assess such a low exposure. The results 
of our investigations [60, 62], as well as those of 
other authors [25. 31, 66], suggest that urinary mu¬ 
tagenicity, which would be a potential marker for 
ETS particle exposure, remains unchanged after 
ETS exposure. Taking into consideration dietary 
factors that may elevate or reduce the mutagenic 
activity of urine [1. 23, 39, 58], we conclude that 
this is not a useful marker for the uptake of geno¬ 
toxic substances in real-life passive smoking. 

DNA adducts. DNA adducts are useful biomarkers 
for the detection of exposure to genotoxic sub¬ 
stances at the relevant target, namely the DNA 
in the cell nucleus. DNA adduct levels are modu¬ 
lated! by several factors including exposure dbse, 
metabolic activation and detoxification. survival 
time of the cells under investigation: as well as 
stability and repair of the formW DNA adducts. 
Determination of DNA adducts by the 32 P-postla- 
belling assay is a sensitive method with a detection 
limit of II adduct/10 10 normal! nucleotides [52]. 
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Fig. 7. Autoradiograms of 32 P-postlhbelled DNA adducts from lymphocytes of five smokers (A-E) and five non-smokers <F-J>; 
Blood samples for lymphocyte isol&tion were dfawn directly after the exposure session on day 2 of study 2. Autoradioeraphy 
was carried out at —84° G for 100 h 


Since the chemical structure of the formed adducts 
does no it need to be known, this method is particu¬ 
larly useful for the detection of DNA adducts after 
exposure to complex mixtures such as tobacco 
smoke. The 32 P-postlabelling method was applied 
to DNA of blood monocytes of the subjects im 
Study 2 [24]|. Additional smoking-related DNA ad¬ 


ducts were found after smoking 24 cigarettes in 1 
8 h. These adducts disappeared within 36 h after 
smoking cessation.which is primariiiy dbe to the 
limited life-span of monocytes (about 8 h). No ad¬ 
ditional addiict spots could be detected after ETS 
exposure [24]. In a recent study (study 3) with simi¬ 
lar tobacco smoke exposures, exposure-related ad^ 
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Fig. 7G-J 


dutcts could not be identified in monocytes from adduce levels in smokers were: found' to be signifi- 

smokers and non-smokers [63]. However a slightly cantlV, higher than those in non-smokers. Ih the 

greater number of adducts were found in mono- same study, a significant intra-individual variation 

cvtes of smokers when smoking the complete MS (two blood samples from three smokers were 

as compared with smoking the gas phase of’MS drawn with a 3-week interval) was observed. We 

or being abstinent from: smoking. Although these made: the same observation when analysing four 

results need further confimation. they are im agree- blood samples drawn within 4 days from each sub- 


ment with the idea that the 32 P-postlabelling assay ject in study 3. 

with nuclease PI enrichment detects bulky aromat- Ini our view, the detection of tobacco smoke- 

ic adducts, most probably originating from parti- related DMA adducts in white blood cells by the 

cle-phase constituents of tobacco smoke. The lack 32 P-postlabelling method has not been able to re- 

of additional DNA adducts in ETS-exposedi non- veal conclusive results. We agree with Foiles et ail. 

smokers suggests that the uptake of ETS particles [16]. who regard the lack of information on the W 

is below the detection limit of this method! structure of the majority of adducts observed by © 

In contrast to DNA adducts in monocytes. this method in different human tissues as a serious N 

DNA adducts in T lymphocytes (^80% of total limitation o 

lymphocytes;)' which have a life-span of several In another approach, we tried to detect ' DNA W 

years, should indicate chronic exposure to DNA binding substances' (DABS) in complex mixtures fO 

adduct-forming compounds. The autoradiograms such as MS particulate matter. ETS particles and ►£* 

of five smokers and five non-smokers are shown urine extracts of smokers and non-smokers with N 

in Fig. 1: Visual inspection of the spot patterns. and without tobacco: smoke exposure [64]. These © 

reveals no characteristic difference between smok- mixtures were incubated with a target DNA and C£ 

ers and non-smokers. This qualitative result is in a'metabolizing system so that the direct carcino- 

agreemem with other reports from tihe literature gens and the enzymatically formed ultimate carcim 

[27. 49: 50. 53, 59]. In one study [59]j. the mean ogeras could! bind! to target DNA. lit has been'sug^ 


Source: https://www.industrydocunnents.ucsf.edu/docs/ffnnnOOOO 
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Fig. 8. Autoradiograms of 32 P-postlabelled DNA adducts formed after in vitro incubation of benzo(ai)pyrene (BaP) (A* B). 4 1 
aminobiphenyl (4-ABP) (C. D). particle phases of mainstream smoke (AtfS) (E)> and! environmental tobacco smoke (ETS) (F) 
as well as extracts ofi 100 ml urine from smokers (G« Hi) and non-smokers (I-L) collected in study 4. All samples except for 
sample A, were incubated with active S9-mix as described! in* the text. Adduct enrichment was performed by either nuclease 
PI treatment (Pi) or butanollextraction (BE) as indicated. Autoradiography was earned out at: — 84° C for 40 h. A BaP (10 pg) + 
inactivated S9-mix; B BaP OOpg)/PL C 4-ABP (50 jig); PI; D 4-ABP^(50 pg)/BE; E MS (1 100 cigarette) PI: F ETS (100 pg)/Pl; 
G urine extract of a smoker/Pl; H same as G/BE:; II urine extract of a nonrsmoker without ETS exposurePH: J same as I/BE : 
K urine extract of non-smoker I after ETS exposure/Pl: L same as K/BE 

gested that the mutagenic compounds in smokers' cause of DNA damage [4$][ A metabolizing system 
urine are heterocyclic: aromatic amines [13. 47] able to activate these compounds was used [5]. Re- 

of which 2-amino-l-methyI-6-phenyl:imida:zo[4.> suits obtained 1 with this in vitro: assay are shown 

bjpyridine (PhIP) has been, implicated as a major in Fig. 8. The particulate phases from MIS and ETS 



Source: https://www.industrydocuments.ucsf.edu/docs/ffnm0000 
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Fig. 8G-L 


form diagonal radioactive zones (DRZ) compara¬ 
ble to those observed with DNA from lung, heart, 
kidney, bladder and oesophagus from smokes [51]: 

Urine extracts from smokers and non-smokers 
(either wiith or without tobacco smoke exposure) 


showed a couple of DNA adduct spots. The spot 
pattern varied with the adduct enrichment method 
(nuclease FI treatment or butanol extraction). The 
detected! spots were not related to one of the hetero¬ 
cyclic aromatic amines tested! in this assay. Fur- 


Source: https://www.industrydocuments.ucsf.edu/docs/ffnmOOOO 
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thermore., no DNA adducts; could be identified 
which were exclusively related to smoking or ETS 
exposure. Since the diet was carefully controlled 
in these studies, it is unlikely that the observed. 
inLer-individuaf differences in urinary DABS were 
caused by dietary factors. These results do not 
agree with those reported by Peluso et al. [47. 48]. 
who found no, or only faint, DMA adduct spots 
in urine extracts of non-smokers, and adddct spots 
in urine extracts from smokers of black tobacco 
suggested to have been caused by PhIP. Investiga¬ 
tions are in progress in our laboratory in order 
to clarify the origin of the DABS in both smokers* 
and non-smokers' urine extracts. 

Conclusions 

he small increase in lung cancer risk in non-smok¬ 
ers exposed to other people's tobacco smoke, as 
suggested by meta-analvsis of more than 20 epide¬ 
miological studies, is at variance with dosimetric 
findings observed in exposure studies with smokers 
and non-smokers. These studies have shown that 
the uptake of particle-bound substances is predom¬ 
inant in active: smoking, whereas uptake of gas- 
phase substances is predominant: in passive smok¬ 
ing. According to present knowledge, the genotox¬ 
ic: potential is primarily located in the particulate 
matter of both MS and ETS: Currently available 
biomonitoring methods sensitive enough for de¬ 
tecting ETS exposure only indicate the uptake of 
gas-phase constituents of ETS. There is no bio- 
marker available which indicates the uptake of 
ETS particles. Therefore, although' low amounts: 
of genotoxic substances cam be inhaled: by passive 
smoking, a risk evaluation on the basis of dosimet- 

ic data for these compounds is not presently possi¬ 
ble. 
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ABSTRACT 


•t 


f 


Twelve male volunteers were exposed for 6 ( 1 ) minute periods to two concentrations of 
agedland diluted sidestream tobacco smoke (1150 and 920 (ig.irr 3 particulate), generated 
from a cigarette type, representative of middle-tar brands available in the UK, and at 
concentrations (for the lower level), similar to those reported from environmental surveys. 
Twelve female volunteers were exposed at the high level only. Measurements were 
carried out using an inhaled - exhaled technique. 

For the twelve male volunteers, mean retention and standard deviation of particulate 
material as measured by UVPM (UV absorbance at 325 nm) the high and low exposure 
levels respectively were 41 + 14# and 36 + 20# (95# Cl (higher level) : 30 - 50%), 
consistent with data from radiotracer studies (43 + 17#) and from computer models; of 
lung deposition for measured! breathing patterns (34 + 8#). Mfeam solamesol retention at 
the higher level exposure was 40 + 20# (95# Cl : 30 - 50#). Mean nicotine retention at 
the high and low exposure levels was 77 + 17 # and 71 + 12 # (95# Cl : 62 - 88%), 
significantly greater than particulate retention. 

For women, mean nicotine retention was 81 ±16 # (95# Cl : 70 - 91%), consistent with 
malfe data,but ETS particulate retention was .significantly lower when measured by UVPM I 
(17 + 10% : 95# Cl : Id) - 23#). Particulate retention as determined by solanesol 
measurements (27 + 14# : 95# Cl ; 14! - 40#) was not significantly different from male 
values. The female particulate retention data were in agreement with model predictions of 
retention for measured breathing patterns (26 + 5#). 

High inter-subject variation 1 was observed for both men and women for all three markers. 
In addition^ the rati tv of airborne particles to nicotine in'the exposure chamber wax variable 
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with concentration, which is consistent with data from environmental surveys. It is 
concluded that these variations preclude calculations of particulate retention when only 
environmental nicotine concentrations are known, or when nicotine exposure has been 
extrapolated from biomarker data for nicotine or cotinime (a major nicotine metabolite). 
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INTRODUCTION 


Human exposure to environmental tobacco smoke (ETS) cannot be defined adequately in 
terms of exposure to airborne concentrations of ETS components alone as this is only one 
of many factors: which affect the retention, and hence dose of these smoke components 
(McAughey et al, 1990). One of the most important of these additional factors is the 
degree of deposition of ETS particulate in the lung relative to more volatile ETS 
components. Using available data, particle deposition in the tracheo-bronchial region of 
the lung in passive smokers has been estimated as 0.02% that of mainstream smokers 
(McAughey et al, 1989), although this is dependent on the assumptions used and does not 
account for differences in chemical composition of the two smokes. One of the most 
important variables in this calculation! is the fractional and regional deposition of 
particulate in the lung; The commonly used! valine of 10-11% total respiratory tract 
deposition! is based on a single series of experiments by Hiller (1984). However, the 
measurement technique employed required that high concentrations of sidestream smoke 
be maintained: which was not' representative of typical environmental exposures to ETS, 
where ageing and dilution effects are important;in achieving an equilibrium ETS aerosol. 

Nicotine and one of its principal metabolites, cotinine, have frequently been usedl as 
biological markers of ETS exposure. However, the physical and chemical behaviour of 
nicotine nr ETS is not representative of other ETS components, and therefore, nicotine is 
likely to be a poor general! marker (Eatoughi et al, 1989); This is confirmed by a recent 
publication which shows that the ratio of nicotine to both vapour- and paniculate-phase 
components is highly variable (Nelson et al, 1992). A study by Iwase et at (1991)' has 
measured 1 retention of nicotine from ETS andl shown retention fractions of 60 - 80 % 
(;meam + SD : 71.3+ 10.2%)' in a group of 17 non-smoking women! inhaling sidestream 
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smoke via an ’inhaled’ minus 'exhaled' technique. However, particulate retention was not 
measured: 

This study has enlarged the limited diitaba.se of the proportion of the inhaled particulate 
phase of ETS which is retained by non-smokers, by measuring retention of specific 
components from aged and diluted sidestream smoke in male and female volunteers. The 
technique involves subtraction of exhaled quantities from quantities of the respective 
components inhaled. The measured components of the smoke aerosol were nicotine, 
UVPM (UV absorbance of a nitethanolic extract at 325 nm - a marker of ETS particulate 
(Conner et aJ, 1990)), and solanesol (a primary trisesquiterpenoid alcohol specific to the 
lipid fraction of tobacco leaves), which remains associated with ETS particulate as 
sidestream smoke ages and is diluted (Ogden and Maiolo, 1988). Exposures of all male 
subjects were carried out at two concentrations of ETS, the lower similar to values 
reported from: environmental surveys, and a higher for improved confidence of analytical 
results above detection limits. Data from: female subjects are available from exposures at 
the higher level only, as exhalate samples for UVPM and solanesol from: the lower 
exposure concentration: were below analytical detection: limits, due to a combination: of 
low ventilation rates in the:female subjects. 
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MATERIALS AND METHODS 

Environmental Chamber 

Atmospheres containing a surrogate ETS (aged and diluted sidestream smoke) were 
generated in a' 14 m 3 chamber, in which temperature and humidity were controlled, and in 
which: smoke concentrations were maintained at steady-state for 3 hours. 

Smoke Generation 


A detailed description of the smoke generation facilities may be found in Black el al, 
(1987). In brief, smoke was generated in a 0.4 m' glass-fibre glove box using a Mason- 
BAT smoking machine (Bevan. 1976) capable of smoking 1 to 12 cigarettes on a 
continuous cyclfe. The cigarette type used was typical of UK middle-tar brands. 
Sidestream smoke generated! from: the cigarettes was swept continually into the chamber 
by air diverted from the main inlet to the room, and then recombined with the maim flow 
(Figure 1). Air from the glove box can also be fed directly into the laboratory extract, via 
a filter, to allbw continuous eontroli of the resulting smoke concentration. By varying the 
number of cigarettes, dilution of the smoke, and the air flow through the room, a wide 
range of concentrations;can be achieved which represent a mix of fresh and aged; smoke. 
Once equilibrium of carbon monoxide andl particulate levels has been attained, volunteers 
can be introduced into the chamber via an airlock, thereby permitting exposures under 
constant conditions. Previous work has shown spatial mixing within the room to be good! 
with a coefficient: of variation for CO and particulate concentration at twelve sites within 
the roormof 6.59c (Pritchard er <iJ. lysKa). 
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Exhaled Breath Capture System (Valving) 


The system; for collecting exhaled breath was based upon that developed for the exposure 
of volunteers to radioactive aerosols (Walsh et al, 1978 - Figure 2), although smaller 
exhalate filters were used 1 in this study (90 mm reduced to 47 mm). The valving system 
comprised a breath (pressure) actuated Teflon™ shuttle valve, which moves between an 
inhale and exhale position! Breathing frequency, flow and volume were monitored on the 
inlet line via a pneumotachograph, with data handling and storage on a PC 
microcomputer. The exhalate line was attached, via an exhalate filter pack, to an external 
suction pump across a diaphragm valve, actuated by a pressure feedback loop, designed 
such that the volunteer felt no resistance to exhalation: The valve assembly was 
suspended from a counter-balanced pulley within the chamber, to permit the volunteers: 
some freedom; of movement! The mouthpiece of the valving assembly was modified to 
take an oro-nasal mask, part: of which was occluded in order to reduce the dead-space in 
the breathing volume. Dead-space in the oro-nasal mask and valving assembly introduces 
potential! errors into the measurement of retention, because the last part of an inhalation; 
draws material into the valve assembly which never enters the respiratory tract. As soon as 
exhalation, commences, this material is blown; onto the filter. Similarly, at the start of 
inhalation, the initial material inhaled is the last part of the exhalate, which could be at a 
substantially lower particle and nicotine concentration than the chamber air. Thus, if the 
dead-space is large compared to the tidal volume, significant errors in the estimated 
retention; occur. However, the effect of deadl-spuce, and also any deposition in the valve 
assembly was accounted for mathematically, ft has also been noted that during the Finite 
time the valving system switches from inhale to exhale, some material may be re-exhaled 
through the inlet tube rather than to the exhale filter. This was measured and logged and 
was considered in the deadspace calculations for each subject, 
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Mask fitting was checked during trial exposures, with the mask used having an air-filled 
sealing region to help fit by moulding to the face and the subjects taught' how to check the 
seal. However, leakage remains a possibility during these long exposures. This was 
minimised by adjusting system' flows across the exhalate diaphragm valve so that no 
resistance tO' exhalation was offered, and by being able to adjust suction during the 
exposure if the subject was aware of resistance changes on exhalation. 


Exhale Filter Pack 

The filter pack for the collection of exhalate comprised a 47mm diameter Teflon™ filter 
(Millipore, UK) to trap particulate material for subsequent analysis for UVPM and 
solamesol. This first filter was backed by a Teflhn™ o-ring spacer, and a perforated 
Teflon™ sheet as a spacer. Another Teflon™ o-ring spacer was then used before a' final! 
47 mm diameter glass fibre filter (Whatman; UK) impregnated with sodium bisulphate 
solution'(4% w/v before drying), which was used to trap nicotine (Figure 2). 

Room concentrations of UVPM and solamesol were measured by collection onto a 25 mm 
diameter Teflon™ filter (Millipore, UK): with nicotine collected! separately om XAD-4 : 
adsorption tubes (SKC, UK). 

Chamber Monitoring 

A number of methods were used to monitor the chamber atmospheres in real time, in 
addition to UVPMl solamesol andinicotine sampling. Carbon monoxide was measured with 
an electrochemical'cell (Bedfont. UK); ETS particulute concentration was monitored with 
a MiniRam (calibrated for ETS measurement'), and particle number was determined using 
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a condensation nucleus counter* (CNC-TSI, USA). Further particle analysis and sizing 
were carried out using a Las-X laser spectrometer (Malvern, UK) based on light scattering 
and a quartz crystal mierobalance (QCM - Berkeley Telonic, UK). Flow rates for all 
sampling equipment were measured before the start of each rum using an bubble flow 
meter which electronically times the passage of a soap film across a fixed volume 
(Gilibrator, Gilian, USA). 


ETS Particulate - Chamber 


ETS particulates were collected in the I4m ? -chamber during each volunteer exposure by 
sampling onto two 25 mm diameter Teflon™ filters at two measured flow rates of 
approximately 5 and 15 l.miir 1 respectively for the duration of the 60 minute volunteer 
exposure. The tar from each filter was dissol ved in 5ml methanol and its UV absorbance 
measured at 325 nun. The ETS paniculate concentration was then calculated from a 
calibration curve of UVPM (absorbance at 325nm) versus muss, from a calibration 
prepared fromiserial dilutions from ETS particulbte samples of known dry mass. 


ETS Particulate - Exhaled 

Tar from the 47 mmt diameter Teflon™ exhalate filter was dissolved in 5ml methanol andl 
the UV absorbance measured! at 325 mm. The exhaled particulate was then calculated! 
from a calibration curve of U VPM (absorbance at 325nm) versus dry mass; andl corrected 
for dead space effects. Previous measurements had determined that the slope of the 
calibration; curve for exhaled measurements was not significantly different for that 
obtained from ETS!measurements in the chamber. 
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Solanesol 


The methanol extracts used 1 for U.VPM measurements were also used for solknesol 
analysis by reverse phase HPLC (Waters Resolve Cl 8 : 15cm; particle diameter 5 micron, 
pore diameter 90 Angstrom); The flow rate (100% methanol solvent) was 1 ml-rmir 1 , the 
injection' vollime 100 pi and solanesol was detected by UV absorption at 210 nm. 
Solanesol was quantified by reference to a prepared standard curve (Solanesol : Sigma 
$7854) over the range 0; 125 to 1.0 pg.mH. The limit of detection for solanesol was 0.05 
pg.mW,.withia between-run precision of 6.9%. All samples were analysed in duplicate. 
It should be noted that a; high degree of variability was seen in the HPLC traces for 
solanesol analysis, with differing degrees of complexity. This often required the solanesol 
concentration to be calculated from a sloping baseline or as a shoulder peak. 


Nicotine - Chamber 


Nicotine samples; were collected from the chamber during the 60’ minutes of each run 
using XAD-4 adsorption rubes; (S ICC, UK. (Hammond et al, 1987, Ogden, 1989)). Two 
samples; were; obtained; each with a measured sampling rate of approximately 4 Linin' 1 . 
The tubes were eluted using 2 ml ethyl acetate containing 0.1% w/v cniethylamine with 
0:909 pg.ml' 11 quinoline as an internal standard. Samples were analysed on a HP 5890 GC 
with NP detection 1 .. Two uil of sample were injected onto the column of RTX-5 (30m x 
0.32 mm id with 1 pin filmithickness). 
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Nicotine - Exhaled 


The acidified, bisulphate-impregnated glass fibre filter was extracted with a mixture of 5M 
sodium hydroxide (20 ml) and di-isopropyl ether (50 ml). Quinoline (1.05 pg.mk 1 ) was 
used as internal standard:with subsequent GC/NPD analysis as above. 

Volunteers; 

Twelve male and twelve female volunteers, all - non-smokers, were recruited by 
advertisement from the workforce at the Harwell Laboratory, following approval of the 
study by the AEA Technology Ethical Committee. Each volunteer was interviewed and: 
examined by a medical practitioner to determine fitness to participate, and each performed 
a v.italograph test to determine lung capacity. Am informed consent for participation in the 
study was then obtained from teach volunteer. 

Each subject was given training; on the valving apparatus in the absence of smoke in the 
chamber, for at least 15 minutes. On separate days, each male subject participated in a 
low- and a high-level: exposure of 60 minutes; each female was subject to a high level 1 
exposure only. Subjects were exposed singly or in pairs within the chamber, where two 
sets of valving apparatus were available. All, subjects were asked to minimise their ETS 
exposure prior to each experiment, although the workplaces of the majority of the subjects 
were non-smoking areas. 
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RESULTS 

Chamber Monitoring 

AIL measurement methods used demonstrated! that following an equilibration periodl 
steady-state concentrations of aged and diluted sidestream smoke could 1 be maintained 
over periods of several hours. Figure 3 shows particle (CNC) and mass (MiniRam) 
concentrations measured during typical! high and low level exposures. Volunteers 
exposures in each case took place during the period between 30 and 90 minutes as shown 
in Figure 3. A mass median diameter (MMD) of 0:14 pm (Og = 2.6 : n = 5) was measured 
using the quartz crystal microbalance (QCM), in effect a cascade impactor with cut-off 
stages of 0.1, 0.2, 0.4, 0.7, 1.1, 2.0, 3.6, 7.0, 12.0, and 24.8 pm. A count median 
diameter (CMD) of 0.125 pm (Og = 1.5 : n = 20) was measured using the Las-X 
spectrometer, with particle counts measured in the 0. I ll, 0.15, 0.2, 0.25, 0.3, 0.4, 0.5; 
0.65, 0.8, 1.0; 1.25, 1.5. 2.0' 2.5 and 3.O pim cut-off regions, 


Exposure Concentrations 

Mean UVPM, solanesol and nicotine concentrations at the various exposure levels are 
shown in Table 1. The low level exposure is at levels higher than, but of the same order of 
median values: reported from environmental surveys; reviewed! in the literature (e.g: Guerin 
et al. 1992). The higher level!exposures were carried out such that concentrations of the 
exhaled'components captured in the filter pack would be significantly greater thani the 
detection limits for the appropriate analytical techniques, so that improved analytical 
precision would! be achieved! The lower level measurements,, at concentrations 
approaching analyticalldetection limits, could then be assessed critically. 
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SoUmesol levels are approximately 1.3% of total particulate levels, consistent with 
literature data (Ogden and Maiolo, 1988). It was observed that there was a greater 
variation in nicotine concentrations than was seen for the corresponding ETS particulate 
and solbnesol measurements. This was reflected in the particulate / nicotine ratio 
measured in the chamber (Table I and Discussion). 

Details:of the volunteers are listed in Table 2. There was no significant difference in age 
between the two groups, but the men were significantly tallfer and had significantly greater 
Forced Vital Capacities (FVC - a measure of lung volume). Both groups showed 
increasedi vital capacities over the expected norm for age and height, reflecting a 'healthy 
worker' effect in recruitment for the study. 


Retention 


A summary of retention ot each measured component in the respiratory tract 1 is:shown in 
Table 3. The summary table lists Mean Retention + Standard Deviation for the group. 
Predicted retention! values for particulates using a model of respiratory particle deposition 
(LUDEP - Birchall, 11991) are also shown. Standard errors were approximately 5% for 
high levellexposures and .KM 5% for male, low level exposures arising principally from the 
component concentrations of the exhailate being close to the analytical detection limits. 


The retention of ETS particulate (as UVPM) in the male volunteers is consistent at both 
high andl low level exposures, with a mean retention fraction of 41 + 14% for high level 
exposures (95% Cfi= 311 - 50%) and 36 + 20% for low level exposures (95% Cl = 20'- 
52%).. Retention in females assessed by UVPM was found to be significantly lower than 
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that for men with an average retention, of 17 + 10% (95% Cl = 10 - 23%) at the higher 
level. 

No solanesol results have been reported from the low level exposures for men and women, 
as exhaled solanesol levels were approaching the detection limit of the assay, yielding 
absolute errors of ± 15 - 60%. At the high exposure level, mean retention fractions of 40 
± 20% for men (95% Cl = 30 - 50%) and 27 ± 14% for women (95% Cl = 14 - 40%) 
were observed. Thus, solanesol retention for male volunteers is in agreement with the 
UVPM values. HPLC assays for solanesol from 4 exhaled filters from females (A, B, F 
and L) and 2 for male subjects (D and J) gave complex traces over high and rising 
baselines, in which it was difficult to determine peak areas accurately, in contrast to the 
majority of analyses where normal baselines were achieved! These outliers suggested 
solanesol retentions of « 0% or > 100%. These data were excluded from! the summary 
table calculations (Table 3), being rejected I on the grounds of unsatisfactory resolution of 
the HPLC traces. 

Mean fractional nicotine retentions of 77 + 17% and 71 ± 12% (95% Cl = 62 - 88%) 
were seen for die male group of volunteers under the high and low exposure conditions 
respectively. Retention in the female group of volunteers; was 81 + 16% (95% Cl = 70 - 
91%) at the high exposure level. 


Average breathing patterns for the volunteer groups (Table 4) show that there was 
consistency in breathing pattern for high 1 and low level exposures. In general, men took 
larger breaths but fewer of therm reflecting their larger lung capacity. Both male and 
female volunteers, on average, used only 17% of their lung capacity during the breathing 
cycle of the experiment. This is consistent with breathing at rest, and implies that the 
subjects did not huve to muke efforts to exhale forcibly. 
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DISCUSSION 


Male Volunteers - 

The results obtained for retention of ETS components in mate volunteers show a 
consistent pattern. For particulates as UVPM, mean retention was 41 ± 14% and 36 ± 
20% of that inhaled at the high andl low exposure tevels respectively, and! this was 
confirmed by results for sotenesol. These data are higher than previous assumptions made 
for particulate retention of 11 + 4% (Mean + SD) as reported by Hiller (1984). However, 
the deposition fractions reported by Hiller were for 0.41 |im mass median aerodynamic 
diameter (MMAD) smoke particles rather than the 0.14 (im MMAD particles reported in 
this study. Other recent studies in which ETS particle size has been determined in 
laboratory situations report ETS particle size at 0.15 - 0.25 pm MMAD at ETS 
concentrations typical of environmental! exposure (Guerin et ai, 1992). Thus lung 
deposition models would predict deposition fraction to be greater than those measured! by 
Hiller as deposition! by Brownian motion becomes more significant at the lower particle 
sizes(ICRP. 1966). 

Model predictions of particle deposition were calculated to be 34 + 8% applying each 
person's measured breathing pattern in the LUDEP lung model (Birchall et al , 1991), 
although no significant correlation was found for observed versus predicted values; for 
UVPM or solunesoll Using the LUDEP model for the experimental conditions reported! 
by Hiller, a deposition fraction of 22% was obtained. In each case, predicted extra- 
thoracic deposition is; negligible, irrespective of mouth or nasal breathing, suggesting that 
total retention is approximately equivalent to lung deposition. 

The experimental data are consistent with those from another study (Strong et al, 1993) in 
which total and regional deposition of ETS were measured using exhale capture 
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techniques plus a radiotracer ( 2,3 Pb) attached to the involatile particulate, allowing whole 
body monitoring for retention and excretion measurements. Total retention was 43 ± 
17% (Mean ± SD) fora group of nine male volunteers following a fixed mouth breathing 
pattern of 6 x 1.0 litre breaths per minute, which was very close to the mean pattern seen 
for the male volunteers in this study. The inter-subject variation observed in this study 
was similar to that reported by Strong et at, 1993 and Hiller, 1984, although greater than 
predicted by the model (Binehall et al, 1991). 

Particulate retention data for female volunteers are less clear-cut than the data for the 
males. Retention fractions for solanesol and UVPM were approximately 27 ± 14 % and 
17 + 10% respectively. The LUDEP particle deposition model with measured breathing 
patterns predicted particle deposition! otl 26 + 5% (Birchull et ul, 1991) and a significant 
correlation was observed for observed particulate deposition (UVPM): versus predicted 
(LUDEP) values (p<0:00'l!). Ihter-subject variation! was similar to that observed for male 
subjects. Although nicotine retention dlita tor the female group were satisfactory, only 
67% of the female volunteers gave reproducible results for solanesolL It was initially 
assumedlthut solanesol data exhibiting a retention! of less than 0% were a comseqpence of 
problems in exhalation and mask fitting;while this; is possible in some cases, such an effect 
would not explain why the majority of the nicotine retention results; for the group were 
reproducible; Both men and women, were breathing to only 17% of their vital capacity 
during the experiments, suggesting that; no discomfort was experienced. Analytical blanks 
for alii analytes were satisfactory for chamber and exhaiute generated samples, although 
complex baselines on a! number of solanesol HPLC assays made interpretation difficult. 
Hence summary dbra iin Table 3 excludes the outliers where 0% > x > 100%. 

It is possible that the problems encountered with the assays for solanesol for female 
exhalate may arise; from a gender difference. Similar anomalies were observed for UVPM 
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measurements in preliminary exposures for women with deposition values « 0%. 
Generally, women have a higher proportion of adipose tissue in body composition, and 
that this may act as ai depot, for organic molecules. Thus, release of these components may 
differ from men and account for measurement differences in the presence of ETS, as 
blanks were unaffected. 

Although mean ETS particulate retention for each gender is greater than the value of 1 V% 
repotted by Hiller, 1984, it should be noted that total intake of ETS particulate remains 
low. Many authors have used the concept of'cigarette equivalents’ in order to give a; 
measure of dose relative to the dose from a single cigarette in an active smoker. By 
assuming toxicological' equivalence of the two smokes, risk estimates have been 
constructed. Estimates of'cigarette equivalents' have varied front 0.024 to 27 cigarette 
equivalents pen day, a range which has been seen as illogical (US Department of Health 
and Human Services. 198(5). Calculations for the highest estimate in this report divided 1 
the calculated- ETS particulate intake by a mainstream smoke intake of 0.55 mg per 
cigarette, aminimumyield 1 value for cigarette brands available in the US. However, the 
original authors of the cited work quote a sales weighted'average mainstream smoke yield 
of 17 mg per cigarette (Repace and Lowrey, 1980). Use of this more realistic value would 
reduce the range quoted in the US Surgeon General Report to 0.024 to 0.9 cigarette 
equivalents per day. While early estimates based ETS dose on ETS concentration per unit 
volume multiplied by volume inhaled, more recent calculations of ETS dose have taken 
into account deposition fraction and 1 adjusted exposure via time-activity matrices which 
estimate the duration of exposure, at work and/or home, with ventilation volumes adjusted! 
for activity such as light work or exercise (Holcomb, 1993). On this basis, Holcomb has 
calculated daily ETS particulate intake under a variety of lifestyles, with maximum intakes 
of 109pg;day l for rnen and 58 ug.day 1 for women, and 45 and 34 pg.day 1 respectively 
for home and leisure exposure only. However, exposure concentrations were based' on 
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attributing specific ETS exposure to the difference in particulate concentration between 
smoking and nonsmoking areas. The values obtained are in contrast to mean and 
maximum ETS particulate intakes of 1430 and 14 300 pg.day 1 respectively, which 
represent the maximum reported literature values as calculated by Repace and Lowrey, 
1980. 

ETS particulate intake has been calculated for home and workplace using the deposition 
and ventilation data measured in this study with with exposure concentrations based on 
those suggested by Holcomb (1993). Summarising likely exposure, Holcomb uses a series 
of studies carried out in the US and Canada, suggesting that the difference in mean RSP or 
UVPM measurements for smoking (Si), and non-smoking (NS) areas were 27 pg.nv 3 for 
homes (50S v 23NS), 22 pg.nr 3 for offices and public places (68S v 46NS). 42 pg.m' 3 for 
restaurants ( 132S v 90NS), 3l) pg.nr 3 for trains (216S v 186NS) and 104 pgmr 3 for bars 
and taverns: (S data: only), until that these differences relate to exposure attributable to 
ETS. Our calculations have been carried out using both the aibsolbte mean particle 
concentrations in smoking areas (S ) and the difference between smoking and non-smoking 
areas (S-NS). which Holcomb attributes to the ETS component of the ambient particulate. 
Thus, absolute (S) values: will give a maximum value for intake from total particulate 
exposure. 

In.our calculation, ai 16 hour exposure at the ventilation rates measured during the study is 
assumed: (0.42 nv per hour tor men and' 0.36 in 3 ' per hour for women). Workplace 
exposure assumes an 8 hour exposure at twice the resting ventilation rate. Fractional 
deposition values were 0141 for men and 0.27 for women, and the calculated values are 
shown: in Table 5. Values are higher than those reported by Holcomb (1993) reflecting 
the increased deposition fraction used in our study, although measured ventilation rates ini 
our work were lower than the equivalent values used by Holcomb. 
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It' has been reported that the fractional deposition of mainstream tobacco smoke is greater 
than for ETS with values ranging from 47 - 90% (US Surgeon General, 1986) with most 
reported values at the higher end of this range. Measurements of tar deposition in 
mainstream cigarette smokers using radiotracers have shown an intake of 453 mg per day 
(range = 307 - 728; mg per day) in male middle-tar smokers with an average intake of 13x5 
mg per cigarette (range = 7.4! - 22.0 mg per cigarette) (Pritchard ex of, 1988a, McAughey 
et aU 1989). Equivalent data for female smokers give values of 284 mg per day (range = 
111 - 488 mg per day) and 1:2.5 mg per cigarette (range = 9.3 - 21.2 mg per cigarette) 
(McAughey ex at „ 1991 )i In each case, the mean delivery of the cigarette was equivalent 
to the Sales Weighted Average Tar for the UK, consistent with the measured yield of the 
experimental cigarette. Cigarette equivalent data and daily intake as a fraction of 
mainstream intake are shown in Table fi, confirming thut average doses from ETS are 
small. 


Althogh the-nature, of this study was sucluthar regional deposition, could not be measured, 
regional deposition data (Strong ex al, 1993) for ETS! particulate using a radiotracer 
suggests that the regional deposition patterns of mainstream tobacco smoke and ETS 
particulate are different, with ETS particulate depositing: more deeply in the lung. 
Therefore, direct comparisons of particulate retention on a cigarette equivalent basis may 
be inappropriate. This concern is supported by the US Environmental'Protection Agency, 
who chose nor to consider the use of 'cigarette equivalents' in their recent publication 
reviewing the respiratory health effects of passive smoking (USEPA, 1992) for a. variety 
of reasons. For example, although mainstream tobacco smoke (MS) and ETS are 
qualitatively similar with respect to chemical composition, the absolute and proportional 
quantities of the smoke components, their physical state and their partitioning between 
phases can differ. Further differences included variations in particle size between MS and 
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ETS a nd different breathing patterns in smokers and non-smokers, leading to differences 
in the distribution and deposition of each type of smoke in the respective populations. 
Subsequent metabolic differences were also discussedi suggesting dose-response 
associations were likely to be non-linear. 

Nicotine retention in men and women was significantly different from particulate retention, 
with observedi mean retention values of 70 to 80ft. This is consistent with data from a 
study by Iwase et al (1991) which measured retentions of nicotine of 60 to 80% (mean + 
SD. 7-11.3 ± 10.2%) in u> group of 17 non-smoking women inhaling sidestream smoke. 
Dataiwere obtained by a similar inhaled minus exhaled technique to that reported here, but 
using nicotine demuders rather thun a bisulphate impregnated filter. 

However, these data confirm that nicotine retention is not a representative marker of ETS 
exposure: This is particularly important with respect to a recent publication (Nelson et al, 
1992) which suggests that the ratio of nicotine to both vapour- and particulate-phase 
components is highly variable with respect tin sampling time and ventilation. Thus, 
environmental surveys of nicotine exposure will be of greater variability than our data and 
those of Iwase et al (199 f), which also represent a steady state situation.. 


The ratio of airborne particulate to nicotine in the exposure chamber was significantly 
different at the two exposure levels in this study (Table i). This is consisent with previous 
data in which the ratio of particullite nicotine / vapour nicotine increased with particulate 
concentration (Guerin et al, 1992). This pattern is consistent with a dynamic reversible 
equilibrium of nicotine between vapour and particulate phases. In this study, and in most 
environmental! studies, only nicotine vapour was measured. 
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These data support the conclusion of Nelson et ah 1992, suggesting that nicotine intake 
cannot be related directly to particulate intake. The variability of particle / vapour ratio 
precludes calculations of particle retention when only environmental nicotine 
concentrations are known; or when nicotine exposure has been extrapolated from bioassay 
data for nicotine orcotinine (a major nicotine metabolite). 
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Figure 1 - Exposure system 


Figure 2 - Valve and exhale capture systenn 


Figure 3^■- Maintenance of steady-state ETS concentrations 


Figure 4 - Retentiom Data (Male Exposures) 


t Figure 5 - Retention Data (Female Exposures) 
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Table 1 - KTS exposure levels 


Experiment. 

UVPM 

Mean ± SD 
(pg.m- J ) 

Solunesol 

Mean ± SD 
(pg.nn- 1 ) 

Nicotine 

Mean ± SD 
(|ig-nv 3 ) 

UVPM/Nicotine 

Ratio 

Mean ± SD 


1 

1 




Male,,High-level 
(n=12) 

920 ±120 

11.7 ± 1.5 

29. ± 13 

31.7 

Male, Low level! 

(n=10) 

150 ±60 

1.5 ±0.7 

9.5 ± 2.3 

15.8 

Female, Highilevel 
i (m-12) 

1040 + 140 

13,2 ±3.2 

35 ±10 

29,7 
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Table 2 - Volunteer dtita 


, Subject 

Male (n=12) 

Mean + SD (Range) 

Female (n=12) 

Mean ± SD (Range) 




Ace (y) 

33 ±5 (26-45) 

33 ± 10(22-51) 

Height (m) 

1.76 + 0.05 (.1168 - 1.85) 

1.65 ±0.06 (1.57- 1.77) 

FVC(l) 

5.82 ± 0.74 (4.78 - 7.29) 

3.95 ± 0.72 (2.82 - 5.20) 

FVC/Norm ( c /r) 

1HX + 18 (98 - 160) 

112 + 17(86- 136) 
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Table 3 - E'FS Retention 


Condition 

(No. of subjects) 

| 

Male 

Retention + SD (%) 
(Range) 

Female 

Retention + SD (7c) 
(Range) 




UVFM High (:12M. 12F) 

41 + 14 (12 - 65) 

17+ 10(3-39) 

UVPM Low (10M) a 

36 ± 20 (5 - 65) 

-• 

Solanesol Hinh (10M. XF)b 

40 ±20 (20-57) 

27 + 14(10- 58) 

iNicotine High (12M. I2F) 

77 ± 17 (41 - 100) 

- 

Nicotine Low (lOM) a 

71 ± 12 (49 - XX) 

XI + 16(39 -96) 




Pie dieted particulate 
retention (iLUDEP) 

34 ± X (2X1- 50)= 

26 ± 5 (20 - 39) 

| 


a 2 mule subjects declined! nr undertake:low level exposure 
b excluding -.values of « 0 7r or > 1 t)I)W- 
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Table 4 - Breathing Patterns 


Condition 

Male, High Level 
Mean + SD (Range) 

i Male, Low Level 
Mean ±SD (Range) 

Male, High Level Mean 
± SD (Range) 




1 

Volume (1) 

439+ 119(226-647) 

422 ±86 (326-629) 

358 ±122 (242- 606) 

Number of Breaths 

490 ± 170(187 -766) 

450 ± 133 (254 - 726) 

566 ±154 (307-802) 

Vf me per Breath'(1) 

0.98 ± 0.33 (0.46 - 1.74) 

1.02 ±0.31 (0.48 - 1.53) 

0.66 ±0.21 (0.40'- 1.02) 

c /cFVC per Bireathi 

117 ± 8 (8- 36) 

17 ±6 (8-32) 

17 ±5 (10-27) 
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Table 5 - Kstimated ETS / Particulate Intake 


1 

■ Condition! 

Particle 

Concentration 

(|ig.nr 3 ) 

Exposure 

Duration 

(ID 

Ventilation 

(m Mr 1 ) 

Deposition 

Fraction 

Particulate 

Intake 

(titg.day 1 ) 







Home 






Male (S) 

49 

16 

0.42 

0.41 

135: 

Male (S-NS) 

27 

16 

0.42 

0.41 

i 74 

Female (S) 

49 

16 

0.36 

0.27 

76 

Female (S-NS) 

27 

16 

0.36 

0.27 

42 

Work 






Male (S) 

6X; 

X 

1 

0.X4 

0.41 

187 

Male (S-NS) 

i 22 

1 x 


0:41 

61 

Female (S): 

6H; 

X 

IBM 

0.27 

106 

Female (S-NS) 

i 22 

x 

0.72 

0.27 

34 
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Table 6 - Comparison of particulate intake from cigarette smoking 
and exposure to KTS 


Exposure 

Condition 

Particulate 

Intake 

(pg.day 1 ) 

Daily intake as % 

smoker intake 

Daily 

Cigarette 

Equivalent 





Home 




: Male (S'): 

135 

0.030 

0.010 

Male (S-NS) 

74 

0.016 

0.005 

Female (S) 

; 76 

0.027 

0.006 

Female (S-NS) 

42 

!! 0.015 

0.003 


! 



Male (S) 

1X7 

0.041 

i 0.0141 

Male (S-NS) 

61 

0.013 

0.005 

Female (S) 1 

106 

0.037 

0.008 

Female (S-NS) 

34 

0.012: 

0:003 
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Particle cone (x 10 /ml) Mass cone (mg/m ) 



Time (min) 


— Particle cone (High) + Particle cone (Low) 
■*- Mass cone (High) Mass cone (Low) 
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Summary* In a controlled study, ten male volunteers were 
subjected to different smoking and (passive smoking con¬ 
ditions. After 60 h of strictly controlled nonsmoking, five 
smokers were exposed to mainstream smoke only, while 
five nonsmokers were exposed to the gas phase of en¬ 
vironmental tobacco smoke (ETS). In a second experi¬ 
ment smokers were mainstream and ETS exposed, while 
nonsmokers were exposed to complete ETS. Blood was 
drawn before and after smoking and DNA adducts were 
analysed from blood monocytes by the 32 P-postlabeIling 
assay, using the nuclease PI enhancement method. We 
detected ETNA adducts in monocytes of all probands. 
These adducts unrelated I to smoking showed interindivi¬ 
dual differences but only minor intraindividual changes 
ini four samples of the same donor. After smoking in- 
terindividuallV variable additional adducts were visible 
in active smokers only. These smoking-related addiicts 
^ disappeared after 40 h of nonsmoking and reappeared I 
a., n in three out'of five smokers after the second smok¬ 
ing periods We conclude that smoking causes an interin- 
dividuallv variable pattern of DNA adducts in active 
smokers* These adducts disappear in less than 2dl owing 
to the fast turnover of monocytes in the intravascular 
system. The effects described could not be observed'in 
heavily exposed passive smokers* 

Key words: Postlabelling assay — Smoking - Passive 
smoking - Monocytes 


Introduction 

Although a series of suspected: carcinogenic substances 
have been found in cigarette smoke, there is still no defi- 

Offprint requests to; HL W:Rudiger. Universitat Hamburg. Ordi- 
namat fur Arbeitsmedizin. Arbeirs^nuppe Taxikogenetik. Adolph* 
Schonfeldbr-Str. 5. DO0OO Hamburg 76 


nite answer as to which specific compounds are responsi¬ 
ble for the increased risk of smokers in acquiring lung 
cancer [6]. In addition, there is a growing need to evalu¬ 
ate a possible carcinogenic risk in passive smokers, sug¬ 
gested by several epidemiological studies, although the 
extent of the effect remains to be investigated [16], Since: 
the covalent' binding of xenobiotics or their metabolites 
to DNA is an important indicator for genotoxic stress 
[15], we studied the formation of DNA adducts in mono¬ 
cytes of smokers and (passive smokers. The ^P-postlabel- 
ling assay, being one of the most sensitive methods, seems; 
to be especially suited for analysing the formation of 
DNA adducts resulting from the exposure to complex 
mixtures of unknown composition [17]. After pretreat¬ 
ment with nuclease PI the nucleotides carrying a cova^ 
lently bound adduct are selectively labelled with 3: P- 
phosphate. This allows the detection of PAH or bulky 
adducts with a sensitivity of a few molecules per genome 
[|5]1 Though several studies using the ^ 2 P-postlabelling 
assay have shown a higher level of adducts in several tis¬ 
sues of smokers as compared to controls [12. 14], this has 
not yet been possible with human white blood cells [10* 
11]. Here we used isolated monocytes, because these 
cells are metabolicallv active without pretreatment [1] 
and are therefore expected to reflect the formation of 
DNA adducts in vivo. 


Materials and methods 

Design of the study. Ten male healthy volunteers, five smokers 
(age 19-28) and five nonsmokers (age 23-29) refrained from smok¬ 
ing 60!h before the firsr blood sample was drawn. During the 6d of 
the study the probands received a standardized diet, equal in 
amount and quality. Two different exposure conditions were ap¬ 
plied: The third day smokers were exposed to mainstream smoke 
only and the fifth day to mainstream smoke and ETS: nonsmokers 
were exposed to the gas phase of ETS for Sh on the third day and 
to complete ETS for8h on the fifth day . In the first experiment the 
five smokers:had to smoke a total of 24 cigarettes fl cig./20min) 
andexhaled the smoke through an oneway-valve into the exposure 
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Fig. 2. Autoradiographs of PEI- 
cellulose til.c. maps of : 5 : P- labelled 
digest ©! DNA from penpheral 
blood monocytes of a smoker 
(iproband 4) Samples taken before 
and after the first (A. B) and the 
second!(C. D) smoking period. 
Smoking related adducts are only 
visible after smoking (R;1L R2) 


!.;/* tobacco smoke 
-oom had to carry 
and limited the 
.-ample A) and after 
-ere takeni .After 
. : equal conditions 
. exposed to the en- 
. taken previous to 
ample D). Room air 
. days and amounted 
• : nicotine and 1 3 to 


Hood (60imlt was 

.' is -vringe by venous 

. A..;r _ - :jUv layered over 
. - S- sirn)iin sterile 10-ml 
*; *) g for 40 min. The 

• ere collected and 
‘ HGibco. Grand ls- 

• ! calf serum i (FCS. 

... •' g/Tsodium bicar¬ 

b-erred into culture 

>d at 37°C for 24 h 
. -here to allow the 
‘s. . Floating lyrnpho- 
erwith the culture 
ih isotonic saline. 
... iii’d stored frozen. 


r-T-sion was placed lorn 
.ami and the cells: 


were lysed for 1 h i at 37; C by an aqueous solution of sodium 
dodecyl sulfate (SDS; ZQmg/mK Merck..Darmstadt. FRGT pro¬ 
teinase K {0:5 mg/ml.Merck) 0.05 .V/ sodium phosphate and 0:05 Af 
potassium phosphate. Subsequently the filters were washed with a 
0.02 .V/■ NayEDTA solution, treated for 15 min with; RNAse: A- 
(0.15 mg/ml. Boehmnger Mannheim), and the remaining DN A was 
washed with a solutioni of 5 m l/ sodium phosphate and 5m.Vf 
potassium phosphate. Then the filters were out into small pieces 
and I DN A was dissolved in 2 ml FFO by a short ultrasonic treat- 
menti The amount of DNA was determined after incubation of an 
aliquot of the solution with diaminobenzoic acid and subsequent 
fluorescence spectrometry with ,an excitation wavelength of'408nm 
and emission wavelength of 500nm [2]. Galfithymus DNA (iBoeht 
ringer. Mannheim. FRG) was used as a standard. 

P-posildbelling. DNA samples (2 to 8|tg DNA) were evaporated 
to dfyness and digested overnight at 37 9 C in a total volume of 4.8ipl 
containing 0l25 Ui micrococcal nuclease (Sigma N%3758. Deisen- 
hofen. FRG)i O-4mU spleen phosphodiesterase (Boehnnger. Mann¬ 
heim,, FRO). 17 mM sodium succinate and;8lmMCaCl. The digest 
was then treated,with 4.8 ullot an aqueous solution of nuclease PI 
(1 U. Sigma N-S630). sodium acetate (:0.12.Vf)iand 2nG : i0.09m.Vf). 
The samples were incubated! at 37*C for 1 .hi and! the reaction was 
terminated by adding an aqueous solution (1.9pi) of 0.5 M Tns 
base [IX)- The DNA samples (!>pi) were then 32 P-labelled withiSjill 
of a solution prepared by mixing 25 pl [Qamma-^JATP (250 pCi. 
>iOOGCi/mmol. Amer&Ham International). 7.5 pi T4 polynucleo¬ 
tide kinase: 3 "phosphatase free (67.5 U. Boehringer. Mannheim. 
FRGK l3Apl H : O and 25ul of buffer (200 m.W Bioine. lOOm.Vf 
MgCl:- l(3!3m.V/dithiothreitoL 10m.V/spermidine). After an incu- 
bafion for 30mm at 37 C C. potatoe apyrase <60 mU. Sigma A-6132V 
was added toterminaiethe reactioni The labelledhucibotides were 
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resolved.b> --dimensional chromatography on PETcellulose . t.Lc.. 
sheets . M.^nerev-Nagell Duren. FRG;. The plates were first de¬ 
veloped.with i A/ sodium phosphate. pH o.Oi to washipolar adduct- 
tree nucieo:;des on to a paper wick. The paper wick .was removed 
and the: piates were: developed again! in 5.5M 'lithium formate. 
S.5 \f urea. pH 3.5, and after turning the piates ^r imOJSiiV/,lithium 
chloride. 0.5 V/ Tris-HCl and! 8.5 .V/ urea. pH S O. Subsequently 
the plates were developed in l.7.W sodium phosphate on to a 
paper wick again to lower the background activity-on the plates. 
The adducts were detected by screen intensified autoradiography 
for 72 h at -80°C (Xomat 5, Kodak, Rochester, NY, USA), 

Results 

Tobacco smoke exposure of the subjects is clearly re¬ 
flected in significant increases in carboxyhemoglbbin 
(COHb) after the 8-h exposure sessions. On Day 3 of the 
study. COHb increased by 7.1% in the active smokers 
and by 2.2% in the passive smokers. The corresponding 
increases for Day 5 were 7.7 and 2.6%. 

The cells of all probands showed various DNA adducts 
which exhibited imerindividtial differences in amount 
and chromatographic behavior but were unrelated to 
smoking (sample A). After the first 8-h period of smok¬ 
ing additional DNA adducts appeared in samples of all 
smokers (sample B) Thesesmoking related adducts var- 
ned individually (Fig. 1). In monocytes from sample C. 
(i.e. after a 40-h nonsmoking period), these additional 
adducts had disappeared,, while the nonsmoking related 
adducts remained. After the second 8-h smoking expert 
ment the additionaliadducts were detected again in san> 
pies of three smokers (Fig. 2). Nonsmokers exposed to 
ETS (passive smokers): did not show any additional ad^ 
ducts. There was no difference between samples taken 
after exposure to the gasphase only (sample B) and taken 
after exposure to total ETS (sample D). 


Discussion 

Smoking caused DNA adducts in peripheral blood mono¬ 
cytes of active smokers. Passive smoking did'not lead to 
similar adducts, Since the samples were analysed using 
the nuclease:PI enhancement method it can not be con¬ 
cluded that passive smoking did not cause any DN A ad¬ 
ducts at: all. Nuclease PI also dephosphonlates nucleo¬ 
tides canning smaller and rather polar adducts, which 
for instance may arise due to tobacco specific nitrosa- 
mines. Therefore by the method used here, predomin¬ 
antly PAH derived or other bulky adducts are likely to 
be detected. Smoking-related DNA addticts in mono¬ 
cytes had already disappeared after a 40-h nonsmoking 
period. This is probably due to the relative short lifespan 
of blood monocytes (t^ = 8 h) [7] in the intravascular sys¬ 
tem and might explain why other authors [10, 111] were 
not able to detect differences between smokers and non- 
smokers on peripheral blood leucocytes. Studies on lung 
tissue [12] and mouse skin [13] have shown a rather long 
half life of bulky DNA adducts, so that is unlikely to at¬ 
tribute the observed rapid disapearence of smoking-re¬ 
lated adducts to a fast: reacting repair mechanism in 
hum an i monocues. 


All samples exhibited adducts not related to smoking 
Caddlacts 4-7). Similar adducts were not observed in fi¬ 
broblast DNA. probably because these cells are culti¬ 
vated under standardized conditions;, and because pre¬ 
existing; adducts were diluted by multiple:cell prolifera¬ 
tion. Monocytes seem to mirror the actual amount of 
genotoxic stress and showed DNA adducts level I in al¬ 
most all samples analysed in our laboratory. The adducts 
1, 2 and 3 (Fig. 1). however, which were found in almost 
all samples analysed in this study could also be found in 
fibroblast DNA, while calf thymus DNA never showed 
these spots. Therefore we assume that culture conditions 
may have caused these adducts. In addition^ since their 
provenance remains finally unexplained, we do not make 
any attempt here to speculate about variable intensities 
of these spots. Other adducts in monocytes unrelated to 
smoking, however, must be either rather fast developing 
adducts since monocytes display a fast turnover in blood, 
or may represent pre-existing adduct levels in monocyte 
stemcells. Both, smoking-related adducts and unrelated 
adducts exhibited intraindividual variations. This could 
be explained by genetically determined differences in 
the amounts of various enzymes being responsible for 
metabolic activation or detoxification of exogenous and 
endogenous substances in the cell [3, 4, 8, 9]. 
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Summary- 

Tobacco smoke is highly genotoxic and produces chromosomal damage in several experimental systems. 
Active smokers have been shown to have an increased prevalence of somatic chromosome damage in their 
peripheral blood lymphocytes: this is seen in most cases as an increased sister-chromatid exchange (iSCE) 
frequency and often also as increased structural chromosome aberrations (CAs). Among passive smokers, 
in association with exposure to environmental tobacco smoke, no such induction of chromosomal damage 
has been documented. In the present paper we report negative results on induction of chromosomal 
damage in 2 separate groups of intensive involuntary exposure: to tobacco smoke, non-smoking restaurant 
personnel and'newborn children of smoking mothers. While significant exposure ini these groups is clearly 
seen in biochemical intake markers, e g. cotimne and thiocyanate values in plasma, the conventional 
cytogenetic parameters, structural chromosome aberrations and; sister-chromatid exchanges, are unable to 
detect the low exposures of involuntary smokers. 


Most involuntary smoking occurs through ex^ The well-documented genotoxic character of 

posure to environmental tobacco smoke (ETS), tobacco smoke condensates and all! forms of 

i.e., passive smoking. The chemical and biological tobacco smoke, main-stream, side-stream and en- 

characteristics of ETS have been discussed in this vironmental tobacco smoke in experimental condi- 

volume by Lofroth, Claxton and collaborators. tions (see eg., I ARC, 1986; Claxton et al., this 

Transplacental exposure of the unborn child is volume); aliso makes the exposure measures* that 

also, in fact, involuntary even if the chemical are specific to the genotoxic character applicable 

composition of the exposing agent, tobacco smoke, in the natural exposure situation. In this report, 

is different! from ETS; it mainly consists of the we especially discuss the use of cytogenetic ex- 

transplacental; components of main-stream smoke posure measures, i.e.. structural chromosome ober- 

inhaled by the actively smoking mother. rations (CAs) and sister-chromatid exchanges 

(SCEs) in peripheral blood lymphocytes, to detect 

_ involuntary exposure to tobacco smoke in heavily 

Correspondence: Dr Marja Sorsa,, I hsiihue of Occupational exposed passive smokers and in newborn babies 
Heal tK i Topel i ukscnknlu 41 a A, SF-00250 Helsinki (Finland) of! Smoking mothers. 
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Subjects and methods 

The occupationally exposed group comprised 
16 non-smoking waiters and 9 smoking waiters 
working in a night restaurant where there was no 
restriction in smoking. As controls, 7 non-smoking 
persons without obvious recent or past exposure 
to environmental tobacco smoke were included. A 
detailed description of the work-site restaurant 
(restaurant B) of the subjects was given in an 
earlier publication (Husgafvel-Pursiainen et aL 
1986). The non-cytogenetic exposure parameters 
of the subjects (together with personnel from 2 
other restaurants) have been described (e.g., 
cotinine, thiocyanate, carboxyhaemoglobin) in 
Husgafvel-Pursiainen et al. (1987) and the detailed 
results of the sister-chromatid exchange analysis 
by Husgafvel-Pursiainen (1987): 

The present paper reports the analysis of chro¬ 
mosome aberrations in these same subjects and 
discusses the individual concordance of the 2 cyto¬ 
genetic parameters, CAs and SCEs. 

For the CA analysis the whole-blood microcul- 
lure method was used with a 50-h culture time 
(:see Maki-Paakkanen et al., 1980 for details). The 
scoring was performed on coded * slides by an 
experienced! analyst counting 100 metaphases per 
subject. 

The SCE frequencies of the transplacentally 
exposed group were studied I from cord-blood sam¬ 
ples taken at delivery. To avoid methodological 
variation between culture periods, a large batch of 
culture medium, including bromodeoxyuridine (20 
/iM;; Calbiochem),,phytohemagglutinini(l%; Well¬ 
come), penicillini (100 units/ml) and streptomycin 
(100 Mg/ml) in RPMI 1640 (Gibco) supplemented 
with 115% fetal calf serum (Gibco) was prepared 
for the whole study and stored at — 2Q°C. The 
sister-chromatid exchange analyses were per¬ 
formed omduplicate cultures harvested and stained 
according to standard procedures (see Husgafvel- 
Pursiainen, 1987), scoring on codes, 50 second 
me la ph ases per in d i vi d u al. 

The mothers were interviewed for their smok¬ 
ing habits and possible passive exposure a few 
days after the delivery. The group consisted of 17 
actively smoking: mothers and' their newborn 
babies and 25 non-smoking mothers and new¬ 
borns;; only 7 of: the non-smoking mothers de¬ 


scribed! some exposure to environmental! tobacco 
smoke. The biochemical! intake markers measured 
from both the maternal and the cord-blood plasma 
samples were cotinine and thiocyanate; the ana¬ 
lytical results and their discussion are reported 
separately (Sorsa et al., in preparation). Ihi the 
present paper we discuss the findings of mater¬ 
nal-child correlations of SCEs in association with; 
the smoking status of the mother. 


Chromosomal damage in passively exposed res¬ 
taurant personnel 

Non-smoking personnel working in indoor res¬ 
taurants without restrictions of smoking of the 
public or personnel probably represents one of the 
groups most heavily exposed to ETS at work. The 
environmental monitoring data, including analysis 
of polyaromatic compounds, total particulate 
matter and genoioxic activity of particulate sam¬ 
ples, from typical! night restaurant show high levels 
of contamination of the indoor air (Husgafvel- 
Pursiainen et al., 1986). The biochemical intake 
markers of tobacco smoke, i.e.. cotinine and thio¬ 
cyanate. also; show significantly increased values 
in the passively exposed restaurant personnel as 
compared with non-exposed persons (iHusgafvel- 
PUrsiainen et al, 1987). Still, these intake markers 
are only a few percent of the values found in the 
actively smoking group of waiters (Fig. 1): 

Both chromosome aberrations and! SCEs were 
analysed in a total of 32 subjects (Table 1. Fig: 2 k 
No significant differences were seen between the 



Fig 1L Dose dependence of tobacco smoke exposure and 
frequency among restaurant personnel, as evaluated on 
basis of individual values m mean SCE/ccll. ihtocvan a,c * 
(jimole/t):in plavma (ItSCN) and. number of cigarettes 

dluly 


Results and discussion 
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TABLE.1 

MEAN LYMPHOCYTE SCE> AND MEAN PERCENTAGE OF LYMPHOCYTES WITH CHROMOSOME ABERRATIONS IN 
DIFFERENT SMOKING CATEGORIES 


Smoking status 

Number of 
subjects 

Mean SCEs 
/cell ( ±SD) 

% aberrant cells 
(line!, gaps: ±SD) 

Active smokers 

Non-smokers 

9 

8.21 ±i 1 L 19 

5.0 ± 1.7 

Passively exposed ex-smokers 

9 

8 14±0.76 

4.6 ± 3.1 

Passively exposed 1 never-smokers 

7 

8.08 ±0.62 

2.7 ±1.8 

Non-exposed I 

7 

7.47 ±0.59 

3.7± 1.6 


groups or subgroups in the 2 parameters, neither 
was there any correlation at the individual level. 
In the total material, SCEs of the smoking waiters 
were significantly, increased in comparison to 
non-smoking persons in the study (Husgafvel-Pur- 
siainen, 1987). However, a clfear trend in the prev¬ 
alence: of chromosome aberrations, especially in 
chromosome-type aberrations,,is seen in the group 
of ex-smokers (mean non-smoking time after ces¬ 
sation of smoking was 9.6 ± 6.8 years; range 1 — 23 
years) and smokers (Table 2). The difference is 
significant (P < 0.05) when all never-smoke ns (,n 
= 17) are compared withi current' and ex-smokers 
(n = 18),, However. in> the larger population 
(Husgafvel-Pursiainen ei al., 1987). neither cotiniine 
nor SCE values of passively exposedi ex-smokers 
(U-cot mean 52 ± 27 ng/ml. SCE mean 7.2 ± 1..3i 
n = 12) differed significantly from the values: of: 
never-smokers (LLcot mean 60 ± 44 ng/mll SCE 
mean 8.6 ± 1.1, n = 15): 

The significance of chromosome-type aberra¬ 
tions and rearrangements has been stressed earlier, 
since they are independent of age and sex and are 

12 : 

10 ' 

8: 


° '6, 



* 


6 7 a 9 10 111 '2 

M£om SCE/cell 

Fig. 2. Relationship of structural chromosome aberrations and 
SCEs, (irSS-OJ089, non-significant): among: the group of res- 
taura.nl personnel!(see Fig. 1); 


positively correlated with the duration of smoking 
(Vijayaiaxmi and Evans, 1982; Obe et al., 1984; 
Littlefield and Joiner, 1986). The result also indi¬ 
cates the persistence of lhsions leading to chro¬ 
mosome-type aberrations in persons who stopped 
smoking years ago, In comparison,, the SCEs in 
peripheral lymphocytes of smokers decrease to 
normal in a few months after stopping smoking 
(Sarto et all, 1987). 

Fetal exposure to tobacco smoke 

The hazards of maternal smoking to the normal 
development of the fetus have long been known 
(see e g.. National Research Council, 1986). Risks 
of spontaneous abortion, preterm births, prenatal 
deaths and! low full-term birth weights: have been 
associated 1 with maternal smoking during preg¬ 
nancy (Surgeon General,, 1986). A recent case- 
control 1 study suggested an association between 
maternal smoking and increased risk of childhood 
malignancies (Stjernfeldt et al., 1986). Lowering of 
birthweight. has also been associated with heavy 
passive exposure of the mother to ETS (Martin 
and Bracken, 1986; Rubin: et all, 1987). and! fetal 
exposure caused by maternal passive smoking has 


TABLE 2 

NUMBER OF CH'ROMGSO M E-T YPE ABERRATIONS IN 
SMOKERS, EX-SMOKERS AND NEVER-SMOKERS a 



Smokers 

Ex-smokers 

Never-smokers 

Dicentrics 

Other 

1/900 

3/900 

1/1400' 

rearrangements 

3/900 

2/900 

1/1400: 

Breaks 

6/900 

9/900 

7/1400 

Total 

10/900 

14/900 

9/1400 


a Number of aberrant cells/cells analyzed. 
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been documented by the detection of eotimnein 
anmiotic fluid samples (Andcrveniet all. l^SZ); 

In the present study, we report' the sister-chro¬ 
matid exchange results in cord-bloodl samples 
taken during delivery of actively and passively 
exposed smokers and non-exposed 1 non-smokers. 

Biochemical intake markers measured from 
maternal'peripheral!blood just before delivery and 
from cord bloodjust after birth of the child showed! 
transplacental concentrations of these tobacco 
smoke constituents to be at nearly the same level 
as in the mother. The correlation coefficient of 
maternal-cord-blood plasma cminine was r = 0j81 
(P < 0.001; 111 pairs) and for plasma thiocyanate 
r = 0.92 (P < 0.001; 17 pairs). 

As expected on the basis of earlier studies, 
smoking mothers had significantly {\P <0.01) in¬ 
creased SCE values (range 7.5-10.8; mean 9.0± 
0.9; n = 17) as compared with non-smoking 
mothers (range 6.7-8.9; mean 8.1 ±0.9; n - 25). 
A dose-efifect correlation'was seen both for plasma 
thiocyanate value and for the number of cigarettes 
smoked daily (Fig. 3A). 

Only 7 of the non-smoking mothers said in the 
personal interview that they had been exposed to 
ETS because of spouse’s: smoking. However, no 
significant increase of SCEs was detected in this 
group of passive smokers; the mean was 8.4 ± 1.0 
as, compared with 719 ± 0.9 1 of the non-exposed 
non-smoking mothers (n = 1!8), 

On the basis of the biochemical intake markers. 
However, the small group of passively exposed 
persons were exposed at their homes only mini¬ 
mally. All of the mothers had been out of occupa¬ 
tional ETS exposure about one month before de¬ 
livery during their maternity leave. 

The SCE rate in the cord-blood samples was 
significantly lower (mean = 6.0 ± 0.5; n — 43) than 
in maternal samples (mean = 8.4 ± 0.9; n = 42). 
We reported 1 earlier alko (Husgafvel-Pursiainen et 
all, 1980) that'young children (mean age 1.5 years) 
have significantly lower SCE rates than adults. In 
earlier studies of smoking mothers and their new¬ 
born children no effect of smoking on SCEs was 
observed in, maternal blood, while these studies 
also reported Ibwer mean SCE rales in cord-blood 
samples (Ardito et al,., 1980;,Seshadri et al., 1982). 
A possible source of discrepancy in the maternal 
SCE values of smokers vs. non-smokers is the 


tax 



Fig. 3. Association of individual mean SCE to thiocyanate 
concentration (/i mole/1) in plasma (P-SCN) and maternal 
smoking (number of cigareites/day) in groups of smoking and 
nontsmoking mothers (A) and newborn children (B); in A the 
P-SCNi and SCE were determined from peripheral blood and 
in B from cord blood. 


bromodeoxyuridine concentration used during 
culturing, as shown by Lundferen et al. (1987). 

Iin tiransplacentally exposed children no signifi¬ 
cant effect of maternal smoking on SCEs was 
observed (mean 6.1 ± 0.5 in babies of smoking 
mothers vs. 5.9 ± 0.5 in babies of non-smoking 
mothers). Ibi the individual values* however, a 
clear trend of heavy maternal smoking can be 
seen; children with'the highest plasma thiocyanate 
values tend to have higher SCE rates than chi Id ben 
of mild smokers and non-smokers (Fig. 3B), al¬ 
though this difference is not statistically signifi¬ 
cant. Neither was there any correlation between 
maternal SCE value and cordrblood value, even 
though cotinine and thiocyanate concentrations in 
plasma showed highly significant correlations be¬ 
tween maternal and cord-blood samples. 

Several hypotheses can be presented! to explain 
the low SCE rate in cord-blood lymphocytes; either 
the lymphocyte population responding to the 
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nriiogcn stimulus- is different in its SCE response 
in children and adults* or transplacental 1 exposure 
to exogenous SCE-inducing agents differs from 
the maternal situation with regard to effective 
concentrations and Ibng enough exposure: time 
during the fetal period. 

Recently accumulated evidence associates in* 
voluntary exposure to environmental tobacco 
smoke with health effects in non-smokers; this has 
been most clearly shown for respiratory organ 
infections among children exposed to parental 
smoking and for a small increase of lung cancer 
risk among non-smoker spouses exposed* to ETS 
caused by the other spouse’s smoking (Surgeon 
General, 1986; National Research Council, 1986). 
The biochemical intake markers usually show pas¬ 
sive smokers’ exposure to be only a few percent of 
the values found among active smokers (see e.g., 
Jarvis et all, 1984, 1985; Sorsa et ah, 1985), In 
newborn children exposed transplacentally, the 
biochemical intake markers show values at nearly 
the same level as in their mothers; still, the fetal 
exposure time is only a few months. 

The cytogenetic damage, well documented 
among active smokers (see e g., IA,RC, 1986), can¬ 
not be shown to be associated with involuntary 
exposure to tobacco smoke in either of the two 
exposure situations studied, occupational!or 1 trans¬ 
placental., The obvious insensitivity of the cyto¬ 
genetic parameters may partly be due ur their 
unspecificity in relation to any single compound. 
Also, tobacco smoke exposure may be confounded 
by other potentially genotoxic agents in the en¬ 
vironment 
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SECTION 5 


ANIMAL STUDIES 


Despite the differences between ETS and SS, we are aware of six reports of animal 
studies which have used aged and diluted SS (ADSS) as an ETS surrogate with short 
term (14 days) and long term (90 days) exposure in rats and hamsters and which have 
reported full histopathological and cytogenetic results. 

The ADSS concentrations used in these studies were up to twenty times the average 
indoor ETS concentrations. 

The histopathalogical changes observed in rats were limited to epithelial hyperplasia 
and squamous metaplasia in the rostral nose and the larynx, i.e. typical adaptive 
responses. All changes were reversible. 

Minimal histopathological changes were observed in the trachea or lungs of rats. The 
changes were reversible post-inhalation, and considered to be typical of an adaptive 
response to repeat exposure. No histopathological changes were observed in the 
entire respiratory tract of hamsters. No cytogenetic changes whatsoever were found in 
the chronic animal studies. 
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Summary 


A 90-day feasibility study was performed in which rats and hamsters were exposed to the 
sidestream smoke of cigarettes. The only histopathological changes observed were hyperplasia and 
metaplasia of the epithelium covering the dorsallnasal turbinate bones in rats. These effects were 
reversible within 90 days. 

Materials and Methods 

Animals species: Male and female Fischer F344/CrlBt rats and male and female Syrian golden 
hamsters (body weight at the beginning of the exposure: male rats 240 g, female rats 161 g, male 
hamsters 108 g, female hamsters 117 g). Animals were kept in steel cages during the exposure and 
in macrolon cages throughout the remaining time. Animals had no access to food during the 
exposure. 

Animal exposure: Chamber volume 35 m 3 . Exposure concentration: 4 mg/m 3 total particulate 
matter; 25—30 ppm carbon monoxide. Ventilation rate: 6 air changes/h: Exposure time: 10 h/d. 
5 d/wk for 90 days; sham-exposed animals served as control^. 

Grouping of animals: Exposure groups: 65 male and 35 female rats/65 male and 35 female 
hamsters; reversibility group: 40 male rats and 40 male hamsters were kept for a further 90 d£ys 
after termination of exposure: Sham control: 80 male rats, 35 female rats, 80 male hamsters, 
35 female hamsters. Room controlt 55 male rats, 45 female rats, 55 male hamsters, 50 female 
hamsters: 

Generation of sidestream smoke: Kentucky Reference Cigarettes 2R1F (8 cigarettes simultane¬ 
ously, 11 puffs/cig.) smoked on a Borgwaldt smoking machine. In order to ensure that the animals 
were uniformly exposed in terms of age and quantity of smoke, the cages were rotated inside the 
chamber from day to day. 

Chamber monitoring and dosimetry : All determinations for individual parameters were performed 
according to (1). 

Histopathology : The following organs were investigated by light microscopy: nasal cavity, larynx, 
trachea; lungs, liver, kidneys, adrenal glands, brain, pituitary gland, bladder, heart, thyroid gland, 
parathyroid gland, thymus, mammary gland, testes and ovaries. 

186 Exp Pathol. 37 (1989) 11-4 
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Table 11 Average concentrations of relevant substances in the exposure and sham-exposure 
chamber. 




Exposure 

Sham 

Particles 

(mg/m 3 ) 

4.3 

<0.1 

CO 

(ppm) 

25 

11 

NO 

(ppm) 

400 

60 

NO± 

(ppb) 

70 

nd* 

Nicotine 

(pg/m 3 ) 

1,000 

2 

Formaldehyde 

(Kg/m 3 ) 

600 

6 

Acetaldehyde 

(Kg/m 3 ) 

1,200 

4 

Acrolein 

(Kg/m 3 ) 

450 

11 

Ammonia 

(mg/m 3 ) 

3 A 

0.1 

Dimethyl- 

nitrosamine 

(ng/m 3 ) 

200 

25 

Benzo(a)pyrene 

(ng/m 3 ) 

56 

nd* 


nd* — not detectable 


Table 2. Dosimetric measurements in smoke-exposed and sham exposed maid rats and hamsters at 
the end of the 90-day exposure period (data are mean ± standard deviation of 16 animals). 



Smoke-exposed 

Sham-exposed 

Rats 

Hamsters 

Rats 

Hamsters 

COHb (%) 

3.3 ± 0.6 

3.1 ± 0.4! 

o;8 ± 0.5 

0.3 ± 0.1 

Serum nicotine 





(ng/ml) 

99 ± 40 

51 ± 20 

3 ± 2 

3 ± 3 

Serum cotinine 





(ng/ml) 

350 ± 68 

115 ± 40 

3 ± 3i 

0.5 ± 1 


Results and Conclusions 

Table 1 gives the concentrations of relevant substances in both the exposure and the sham 
chamber. The levels in the exposure chamber were at least 1 and in some instances 2 orders of 
magnitude higher than reported for smoke polluted rooms under realUife conditions. Table 2 
summarizes the results of the dosimetric parameters COHb-levelfc and nicotine and cotinine 
concentrations in serum were similar to or even higher than those obtained in smokers. In rats 
nicotine levels were twice and cotinine levels were three times higher than in hamsters. 

The body weight gain of rats during the exposure and sham exposure phases was similar and did 
not differ from that of the cage controls. Weight gain was lower in hamsters of both sexes in the 
exposure and sham exposure groups (probably due to lack of food or to the handling process). After 
exposure was discontinued, the body weights of the exposed and sham exposed hamster groups 
attained the same levels as found among the cage control groups (data not shown). 

Histophatolbgical changes were detectable in rats only: hyperplasia and squamous metaplasia in 
the nasal cavity were found in both female and male rats after 90 days of exposure to tobacco smoke 
(fig. 1 a). Thirty days after the exposure had ceased, these changes partially receded (fig. l b) and 
they were completely reversed within 60 days after exposure (fig. lie). All I other parts of the 
respiratory tract (larynx, trachea, bifurcation and lung) showed no alterations * 

Whereas rats treated with diesel exhaust exhibit a persistent overlbad of the lungs with diesel 
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soot even after short-time exposure (2), particles from tobacco smoke seem to be effectively 
removed from the bronchial tract by the pulmonary clearing mechanism. The continuous overload 
with diesel soot might cause chronic damage of the bronchialiepitelium and an accelerated cell 
turnover rate thus enhancing the DNA adduct formation (3) and probably also DMA misrepair. Ih 
view of this it is doubtful whether a long-term animal experiment with tobacco smoke may lead to 
an increased cancer rate in rats. A long-term animal experiment with tobacco smoke under the 
conditions of the diesel exhaust studies is feasible. 
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FourteentDay Inhalation Study in Rats, Using Aged and Di¬ 
luted Sidbstream Smoke from a Reference Cigarette. I. Inha¬ 
lation Toxicology and Histopathoiogy: Coggins, C. R. E., 
Ayres, P. H., Mosberg, A. T., Ogden, M. W., Sagartz, 
J, W., and Hayes, A. W. (1992). Fundam, AppL Toxicol. 
133-140: 

Sprague-Dawley rats were exposed 6 hr per day for 14 con¬ 
secutive d^ys to aged and diluted sidestream smoke (ADSS), 
used as a surrogate for Environmental Tobacco Smoke (ETS), 
at concentrations of 0:1 (typical), 1 (extreme), or 10 (exaggerated) 
mg of particulates per cubic meter. Animals were exposed nose- 
only, insidk whole-body chambers, to ADSS from the 1R4F ref¬ 
erence cigarette. End-points included histopatholbgy, CO-ox- 
imetry, plasma nicotine and cotinine, clinical pathology, and 
organ and body weights. The only pathological response observed 
was slight to mild epithelial hyperplasia and inflammation in 
the most rostral part of the nasal cavity, in the high-exposure 
group only. No effects were noted at medium or low exposures. 
The minimal changes noted were reversible, using a subgroup 
of animals kept without further treatment for an additional 14 
days. Overall, the end-points used in the study demonstrated 
that there was no detectable biological activity of ADSS at typical 
or even HGTold ETS concentrations and that the activity was 
only minimal at'very exaggerated concentrations (particle con¬ 
centrations 100 times higher than typical real-world concentra¬ 
tions). t 1992 Society of Toxicology., 


Numerous statements have been made in the scientific 
literature on the biological activity of environmental tobacco 
smoke (ETS: Department of Health and Human Services, 
1986; National Research Council, 1986). This study was de¬ 
signed to obtain information on the effects seen in animals 
exposed to aged and diluted!sidestream smoke (ADSS), at 
concentrations equivalent and higher than those reported 
for ETS in the field: Measurements of the latter vary signif- 

1 Presentediat the 1992 Annual Meeting of the Society of To.vicolbgy. 
Seattle. W'A. 


icantly and usually include contributions of suspended par¬ 
ticulates other than ETS (DHHS, 1986). Consequently, the 
ADSS target concentrations were chosen as 0.1,, 1, and 10 
mg/m 3 . Respectively, these correspond to typical, extreme 
(or “worst-case”), and exaggerated field measurements (Ol- 
daker etai, 1990). 

The primary end-point of t his study was the histopathoiogy 
of the respiratory tract and related organs, as assessed by a 
pathologist with experience in rodent inhalation studies with 
cigarette smoke. The aims were to determine whether bio- 
Ibgical responses could be observed after exposure to ADSS 
at different concentrations, what these observed responses 
were, and the no-observed-effect-level (NOEL) for the study. 
An additional objective was to study the reversibility of any 
changes observed after exposure to ADSS. To study this re¬ 
covery process, subgroups of animals were kept for an acL 
ditional 2 weeks without: treatment, at the end of the 14-day 
exposure. 

Other end-points included DNA adducts and alveolar 
macrophage cytogenetics* these are reported separately (Lee 
elal., 1992). 

MATERIALS AND METHODS 

Experimental design. TKe experimental designi was based on pub¬ 
lished guidelines (OECD, 1981), Three groups of animals were exposed to 
ADSS; there was a sham-exposed igrouR exposedonly to filtered air. Animals 
were exposed Ito smoke inside whole-body chambers, using nose-only restraint 
tubes. A further group of animals .was kepi'as chamber controls (without 
tube restraint) and as sentinels for the detection of disease. There were 48 
animals per sex; in each of the five groups. Animals were exposed 6 hr per; 
day for 14 consecutive days. The groups were “stagger-started” at intervals 
of 11 day. Animals in satellite groups were kept for a further 14 days without 
treatment to assess reversibility. 

Experimental animals. A total of 560'(280 maleand 280ifemale) anima!s. 
weighing 125-150 g was purchased from Charles River Laboratories (Raleigh. 
NC).'Animals were housed individually in transparent poli carbonate cages 
and acclimateditoJaboratory ; conditions for Uldays prior to lhe first exposure. 

The Spraguc-Dawlty rat:(CfI.CD/BR. V.aF/PIus) was chosen as the ex¬ 
perimental animal because it has frequently been used in inhalation studies 
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FIG. IL Apparatus used toicolleot sidestream smoke from reference cig¬ 
arettes 


and there is a large amount of background inhalation data available in the 
scientific literature. 

Within 5 days of delivery, 5 animals per sex were randomly chosen and 
killed for collection of sera, which was tested for the following antibodies to 
disease: Reovirus Type 3. ciliaassociated respiratory bacillus, Kilham’s rat 
virus. ToolanIs HM virus, pneumonia virus of mice, Sendai, rat coronavirus/. 
sialodacryoadtnitis virus, lymphocytic choriomeningitis virus, and Myco¬ 
plasma pulmonis: Antibody,testingwas made on:sera obtained from 5 animals 
per sex at the beginning and end of the inhalation part of!the experiment, 
and at reversibility (total of 20 animals per sex). The lungs from the sentinel 
animals were taken and examined histopathoiogicaily to ascertain health 
status. 

Within a week of delivery, the animals were allocated into five groups 
each of 48 animals pen sex. such that the body weights m the groups were 
as homogeneous as possible. The mean^SD, 1 n = 240) weight of males at 
randomization was 142 1 ± 7.9 g: in females the mean was; 148.4 ± 7:9g 

During the week after allocation intogtoups, animals were tail-tattooed 
(Animal Identification and Marking Systems. Fiscataway. NJ;) with,then 
permanent identification:number. 

Hire animals,were housed and cared for in accordance with the Animal 
Welfare Act ol 1970 andiamcndtnentS' (Public Law 91-579), as: set forth in 
CFR Title 9:.Part 3 Subpart E, Specifications-Jbr the Humane: Handling. 
Care: Treatment. and* Transportation of If anti-Blooded 'Animats-.Other. Than 
Dogs. Cats, Rabbits. Hamsters. Guinea Pigs and Son-human.. Primates 
Reference was also made to the DHIHS document Guide for the Care and 
Use of Laboratory Annuals (N\H Publication 86-23). 

Animals had unrestricted aocess to certified feed (Purina Rodent Chou 
No. 5002: presented as pellets) and distilled water. Nb feed was available 
during inhalation exposures: Feed was withheld overnight prior to necropsy. 
Chemical!analyses of feed, water. or bedding were not performed, because 
it was diremed unlikely that contaminants would adversely affectthe expei> 
iment. 

Cigarettes. The IR4F reference cigarettes were purchased from the To¬ 
bacco and iHcalth Research Institute (Lexingtonj KY)j A full description of 
the mainstream, sidestream, and ETIS chemistry of the IR4P cigarette has 
been given elsewhere (R. J. Reynolds 1988). 

Aerosol generation apparatus. A 30-port smoke generator (CHiTech- 
nologfes. Westwood. NJ) similar to that described by Bimmgantner and Cog¬ 
gins (1980) and by Ayres et al. (1990);was fitted with an aluminum cone 
(Fig: I) for collection of sidestream smoke (SS). The smoke generator was 


placed in a sealed cabinet with a HEPA filter attached. Mainstream smoke 
was generated under Federal Trade Commission (conditions (except butt 
length: seven pull's were taken instead of burning to a fixed butt length ) and 
w as discarded J Sidestream smoko was drawn from the cone into a common 
using 3-in:-tliam f7(>;2'mm) PVf tubing: thi.mHiom. I)tlfea‘iii 
ol SS were draw mlrom the plcnumilor each churntvr: ami mixed 
uiiivdilulion air drawn from it he room through 1 il PAlitters (I ig. 2) Room 
ai: w-a> i II P.Vliltercd ‘‘upstream." The sham and sentinel animals were 
kept! i iv■ chambers that were, not attached I to the plenum 

Animal exposure apparatus. T he whole-body inhalation chamber has 
been described previously (Moss et al:. 1982) and is available commercially 
('Lab Products, Maywood. NJ). Each chamber was operated at a flow rate 
ofl6 cubic feet/min (inexcess of 15 air changes/,hr)! 

The conical nose-only restraint tubes (Baumgartner and Coggins, 1980) 
are also commercially available (CH Technologies, Westwoodj NJ); they 
were used to minimize contamination of the pelt with deposited ADSS which 
couldIthenibe absorbed dermally or ingested during preening (Langard and 
Nordhagen, 1980). Tubes for males were 73 mm in diameter and 263 mm 
long; for females the diameter was 62 mm and the length 168 mm. Both 
tube types had inlets 22 mm in diameter: The ventilation slots on the restraint 
tubes were covered with duct tape. 

Oh exposure days, individual animals were taken from their cage in the 
chamber, pliced inside a nose-only restraint tube, and replaced in the tube 
into the same cage. The orientation of the tube was such that urine and 
feces passed from the tube, through the wire flbor of the cage, and onto 
paper-lined Icatch pans placed under each of the trays. 

Daily characterization of inhalation exposures. During am mal exposures, 
probes were used to monitor the aerosol presented. This monitoring was by 
collection of aerosol on glass-fiber pads followed by gravimetric determination 
of collected particulates using Cahn C-31 microbalances (Cahn, Cerritos. 
CAL The RAM-11 instrument was used to give an on-line estimate of par¬ 
ticulate concentrations. 

The main analytical instrument used for carbon monoxide (CO) and car¬ 
bon dioxide (CO ; ) was: the Horiba PI R-2000 (Honha Instruments. Inc.. 
Irvine. CA), calibrated'daily wiih certified gas mixtures (AIRCO'Welding 
Supply. Greensboro, NC)i Oxygen concentrations (%) were monitored by a 
Hbriba PMAr200 instrument, also calibrated with a certified gas mixture. 
Very-lowconcentrationsofiCQ were measured with the Miran 80 gas analyzer 
(Foxboro Instruments. S. Norwalk, CT) Data from the on-line instruments 
were logged manually every 60:min. 

Measurement of nicotine and 3-eihenylpyridine, was by gas ohromatog- 
rapln with thermionic-specific detection (Ogden; 19911 Chamber atmo- 



FIG. 2. Layout of laboratory used tOiexposc animals to aged and diluted 
sidestream smoke. V. vacuum; H. HEPA filter: 
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spheres were sampled with XAD-4 sorbent tubes (SKC, Inc., Eighty-Four, 
PA) which were extraetodlfor analysis with ethyl acetate containing OiO I % 
trielhvlaminc (Ogden, 1989). 

Solanesot measurements were made by.liquid chromatography with t f Y 
detection-at.20* nm if Ogden and Mamlo. ISWtM. 1‘ollow tng:gra% imeinc J.e- 
le.rniiiialioti of pai tic u laics, the glass-hlvr p;ids. we re. extracted tor nmilysi* 
with i ml methanol. 

Mbasuroment of panicle • size disit rihut ion' v\as made three times during 
the. slud>. using a Mercer-style cascade 'impactor (Mercer <■/ t//.. 147.U; Ih- 
lo\ Products, Albuquerque: NM): 'The. impact on had cut-oil'diameters in 
the range of 0 4-2.5 /im under the conditions ofi use (.1.2 litcrs/hiin); cal¬ 
culation ofimass median iaerodynamic diameter was by probit'analysis. The 
coverslips (uncoated) used to collect the aerosol for impaetor analysis were 
weighed using Cahn C-311 microbalances. 

Air temperature and RH lof the aerosol were measured with a condensation 
dew point hygrometer (Model 11100 DP, General Eastern Instrument Co., 
Watertown, MA): 

Clinical observations, Animali were inspected visually for signs of overt 
toxicity as they were being transferred from their cages to the restraint tubes, 
and when being transferred back to their cages. More detailed clinical ob¬ 
servations were made on each animal once every 4 days, before the exposure 
and within 2 hr of the end lof the exposure. 

Body weights. Individual body weights were determined within 48 hr 
ofireceipt, at randomization, and every 4 days thereafter; using Mettler PM 
2000 balances. 

Dosimetry v Blood samples were obtained after 6 hr of smoke exposure, 
on different'exposure days throughout the experiment. Blood was drawn 
from the retro-orbital sinus, using anesthesia with 70% C0 2 in air and hep¬ 
arinized micropipettes, and held omice in plastic cuvettes containing disodium 
edetate during the time between sampling and analysis. 

Blood COHb concentrations were determined Ion 0.5 ml of the total Isam- 
ple, using a'Model 1482 CO-Oximeter (Instrumentation Laboratories, Hart¬ 
ford] CT), Subsamples of the blood collected ! for COM b were taken for the 
determination oflplasma nicotine and cotinine. The latten analyses were 
performed by an ELISA method] 

Necropsy. Animals selected at random were killed on the day following 
theinlist exposure, and the time interval was recorded. Feed was not available 
to the animah during this time interval. 

At necropsy, animals were weighed and then killed by first anesthetizing: 
with 1 70% CQ 2 in air and then exsanguination via the vena cava prior to 
cessation,ofheartbeat: Blood samples for the various assays to be performed 
were collected from the vena icava. 

Animals were subjected to a complete gross examination tn the presence 
ofla board-certified veterinary'; pathologist, with special attention paid Ito the 
respiratory tract. 

Clinical pathology. The foilbwing assays were performed on whole blood 
obtained at each necropsy: redlblood cell count, hemoglobin, hematocrit, 
mean red cell volume, mean red cellhemoglobin; mean red cell Hemoglobin 
concentration, white cell count, differential white cell counts, reticulocyte 
counts, and pIMelet count. The anticoagulantiN^EDTA was used: standard 
hematological methods were used. 

The following assays , were performed on serumi obtained I from animalt 
at each necropsy; calcium; phosphorus, chloride, sodium, potassium, glhcose. 
alanine aminotransferase, .aspartate aminotransferase, 7 -glutamyl transpep¬ 
tidase, urea nitrogen, albumin, creatinine, total bilirubin, total cholesterol, 
triglyceridesv and total protein. The time of blood sampling was recorded. 
Sure-Sep II serum separators (Organon-Teknika, Durham, NC) were used 
to minimize hemolysis; the time between blood collection and serumicoll 
lection was kept as:short as possible. Standard analytical metHodiwere used. 

Organ weights. The lungs (complete with trachea but excluding the lar¬ 
ynx): brain, liver, testes (pair), kidneys (pair.).« and Heart (excluding major 
vessels) were weighed at each necropsy using Metticr PM 460 balances. 
Organ weights and the (fasted) body weight'recorded immediately before 
death were used to calculate orgambody weight ratios The time from removal 


of the organ until! weighing was minimized and: tissues were kepi in saline 
until they, were weighed. 

Tissue collection. Tissues were removed from each animal and fixed in 
10% neutral'hullbrcrf formalin (NBI). at a ulunve dilution of! I pan tissue 
in at least'! 5' pai^formalin (I cklman and Seel. I w\N|. I he fixativeconiamed 
20 nil of 1 - eosimper 20! liters of M:. tV>rmali 11 j as a 'precaution no identify 
the fluid as fixative I.ungs wore inl'Uscd with NBF at aivolume that ensured 
proper fixation: The trachea!was ,ligated after inflation. 

The following tissues were collected: adfenals. aoma. bone (stennuim fe¬ 
mur). brain, eccurm colon, cramumj.ilhodtLnumj epididyniirles; esophagus, 
eyes/optic nerve: heart, ileum, jejunum, kidneys, larynx, liver, lungs, li mph 
nodes; mammary glandi, nasopharynx, nose/turbinates, ovaries, pancreas, 
parathyroidj pituitary, prostate, rectum; sail vary gland, seminal vesicle, skel¬ 
etal muscle (thigh), skin (abdominal), spinal cord (lumbar), spleen; stomach, 
tail, testes, thymus, thyroid] tongue, trachea, urinary bladder, uterus. Zymbal’s 
gland. 

Histopathology. Respiratory tract tissues (nasal passages, larynx, trachea, 
conducting airways, deep lung), heart and related lymph nodes (thymic and 
peribronchial), and gross changes were examined in each of 28 animals per 
sex randomly allocated to histopathology in each of the four exposure groups 
(2D for the 14-diy necropsy and 8 for the reversibility necropsy): 

The nasal tissues were cut at three different locations to obtain represen¬ 
tative sections of the different epithelia, as described previously (Young, 
1981). The lungs were sectioned to provide a section along the main stem 
bronchus of each King lobe. A precise anatomical site for cutting the larynges, 
is required: serial-step sections were taken to reach this site (Burger et al, 
1989; Sagartz el : ai, 1992). 

Tissues were stained with hematoxyliniand eosin (H&E); duplicate slides 
of a representative section of the anterior nasal tissues, larynx, lung, and 
trachea were stained with periodic acid-Schiff/Aldan blue to facilitate eval¬ 
uations ofl mucus-secreting ceils. Tissues were read by an AC V P board- 
certified veterinary pathologist, with knowledge of the treatment groups. 

Statistical analyses. Statistical evaluations were made using Bartlett’s 
test iof homogeneity of variance, folio wed Ibv analysis of variance techniques. 
The statistical evaluation of!incidence and severity data for histopathology 
was made by the Kolmogorov-Smirnov test'(Siegel. 1956). Statistical tests 
were carried out to 5%, twensided criteria. 

RESULTS 

Inhaled km Exposures 

The meam concentrations (±SD: // = 14) of wet total pari- 
ticulate matter (iWTPM) fbr the low-, medium-, and high- 
exposure groups were 0.09 ± 0,01. 1.08 ± 0.08, and 9.79 ± 
0.59 mg/m 3 , respectively: Figure 3 shows the within- and 
between-day variation in WTPM concentrations. These 
WTPM exposures: resulted! in CO concentrations (ppm) of 
3.61 ± 0.81. 11.3 ± 1.6, and 57.0 ± 3.8. 

Nicotine concentrations; (±SD, /j = 14): at the medium 
and high exposures:were 252 ± 57 and 1708 ± 346 /ug/m\ 
Although nicotine could be detected in the low-exposure 
chambers, the values were unexpectedly low: the mean was 
0.91 ± 0.28 pg/m 3 . The ratios of nicotine to WTPM were 
1.01 ± 0.27, 23.4 ± 5:1, and 17.4 ± 3.4% for low, medium, 
and highi exposures; respectively. The values for 3-ethenyl- 
pyridine at the low,,medium, and high exposures were 1.30 
± 0.34, 36.0 ± 3.0, and 242 ± 26 ptg/m 3 : these data resulted 
in ratios.of 3-etheny,Ipyridine to• nicotine of H47 ± 36. 14.8 
± 3.3, and 14.7 ± 3:4% for low; medium. andlhigh exposures, 
respectively. 
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FIG: 3. Variation in d&ily concentrations of wet total particulate matter 
in aged and diluted sidestream smoke presented to experimental animals. 
Means ± standard deviations. Targets were 0.11 U and 10 mg/m 3 . 


Solanesol concentrations (±SD, n = 14) in the low, me* 
urn, and high exposures were 1.93 ± 0.24, 25 A ± 2.3, and 
i86 ± 18 //g/m 3 , respectively; the ratios of solanesol to 
WTPM were 2.16 ± 0.32, 2.33 ± 0.11, and 1.90 ± 0.11%. 

None of the above analytes could be detected at significant 
concentrations in the sham ichamber or in the exposure room. 
In the exposure room, the mean C0 2 concentration (±SD, 
n = 16) was 403 ± 20 ppm; in the sham chamber the mean 
(±SD> «!= 14) concentration was 1307 ± 58 ppm. The mean 
concentrations (±SD, n = 14) in the low, medium; and high 
chambers were 1522 ± 101, 1458 ± 166, and 1842 ± 100 
ppm, respectively. 

Particle size distributions at the medium and high expo¬ 
sures were similar, with the average values (three observa¬ 
tions) being 0.42 and 0.29 *un, respectively. The standard 
geometric deviations were 1.52 and 1.80. ^sufficient material 
was obtained during the 6 hr of the low exposure for deter¬ 
minate on o fi particle size distribut ion. 

In-Life Observations 

here were no treatments related I clinical signs or mortal¬ 
ities and the serology results were negative. Animals in the 
smoke-exposed groups showed body weights that were similar 
to those in the sham group (Figs. 4, 5). 

Blood COHb concentrations at the end of the exposures 
were negligible in the sham low-exposure groups. The means 
for the medium and high groups (sexes combined, ±SD; n 
= 30) were 0.91 ± 0.46 and 5.80 ± 0.94%, respectively. 

The ELISA assay had limits of detection (LOD) of 4.5 ± 
3.3 ng/ml for nicotine and 1 6.9 ± 7:6 ng/ml for cotinine. The 
sham and lowrexposure groups had plasma nicotine con¬ 
centrations at or below the. LOD; the medium-exposure 
group had plhsmai nicotine concentrations above the LOD 
hut below the limit of quantification! The mean plasma nic¬ 



FIG. 4. Change in body weight of male animals. 

otine for the high exposure (sexes combined, ±5D, n ~ 30) 
was 43.6 ±1315 ng/ml. 

The sham and low-exposure groups had plasma cotinine 
concentrations at or below the LOD, The means for the me¬ 
dium and high exposure (sexes combined, ± SD; n = 29) 
were 43 2 ± 15.7 and 323 ± 161 ng/ml; respectively: 

Necropsy Dam 

There was no effect of exposure on terminal body weight: 
the mean values (± SD, n = 21-24) in males for sham, lbw: 
medium, and high exposures at the 14-day necropsy were 
2'87 ± 18, 299 ± 25, 300 ± 2:Il, and 288 ± 17 g. respectively. 
In females; the means were 212 ± 12, 211 ± li5; 210 ± 15, 
and 204: ± 11 g. At the recovery necropsy, the means (±3D. 
n- 112^16) for males were 380 ± 50, 363 ± 34. 368 ± 39. 
and 377 ± 46 g for the sham, low, medium, andl high ex¬ 
posures^ respectively; for the females, the valttes were 251 ± 
15. 259 ± 14, 250 ± 20, and 247 ± 24 g. 



FIG. 5. Change in body weight of female animali: 


Source: https://www.industrydocuments.ucsf.edu/docs/ffnm0000 
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l-'Klii.h: I Low- power view of a transverse section of the rat; nasal.passages; immediately caudal tu the incisor teeth;. Tihe arrow marks the: position of 
the change shown in Figs, 7 and 8. H&E; original! magnification. X45. 


There were no significant differences between the groups 
for any clinical I pathology parameters at either of the nec¬ 
ropsies. 

There were no treatment-related I gross observations 
at either necropsy; there were no> differences in organi 
weights. 

Histopathoiogy 

In the Nasal I section (transverse, immediately, caudal to 
the incisor teeth), there:was chronicacme: inflammation, in 
the highfcxposure groups only. This change mainlk involved 
the dorsal nasal conchae (nasoturbinates) and the adjacent 
wall of the middle meatus (Fig.6). lh this lesion, the inflam¬ 
matory infiltrate consisted of lymphohistiocytic cells admixed 


with small numbers of polymorphonuclear leukocytes. Fig¬ 
ure 7 shows a high-power view of the tip of a nasal concha 
from ai typical sham animal; Fig. 8 shows a similar region' 
from a typical hightexposure-group animal. Figure 9 shows 
the distributions of the different severities of this: change for 
the four groups. The distribution of the change in the high- 
exposure group was significantly different from that' ini the 
other groups;, there were no such'significant differences at 
the low or medium exposures^ 

The above lesion was; typically found ini association with, 
and in the same:anatomic site as, epuheliai hyperplasia In 
this latter change, there was hypercellularity and thickening 
of the respiratory epithelium ofthedtarsal nasal conchae a nd 
the adjacent wall ofithe middle meatus. Figure 10 shows: the 


Source: https://www.industrydocuments.ucsf.edu/docs/ffnmOOOO 
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FIG. 7. High-power view ofi the lip of a nasal concha (nasolurhinate) 
from a typical shanuexposediral. The epithelium is two to three cell layers 
thick. H&E; original magnification, X500. 

retribution of the different severities of this change for the 
. _*n groups. The distribution of the change in thehigh-ex- 
posure group was significantly differenti from that in the other 
groups; no such significant effect was notedlat the low or 
medium exposures. 

There were no other histopathoiogical changes noted m 
animals killed at the 14-day necropsy, nor were any changes 
noted in the animals killed at the reversibility necropsy (iie.. 
the minimal changes noted at the end of the exposure were 
totally reversible). 

DISCUSSION 

The results obtained here are in agreement with earlier 
work (von Meyerinck et a!., 1989), where only a single con¬ 


centration! of ADSS was usedl(4 mg/m 3 ) for 10 hr/day. In 
this; lilt ter work, the main histo pathological change noted 
was also in the rostral nasal cavity, a change which appears 
morphologically to he very smiilhr it) that nnicd :" ': 
evp-.»K’jiv group in*, live present study. although die. .eon; 
duration was much less (14i days; instead of 9.0y It is thus, 
possible that the change docs not progress in suhe.hromc. ex¬ 
posures;. 

The analytical results described here show. clearly tiiai so- 
lanesol is a good marker for the particulate phase of ADSS. 
there being a constant ratio between solanesol measured by- 
liquid chromatography and gravimetric estimates of WTPMl 


I-1 

50|im 



FIG. 8 . High-power view of the tip of a nasal concha (nasoturbmate)i 
from atypical highicxposuri* rat. The epithelium is live to six cell lavcrs 
thick. Note the presence of an inflammatory infiltrate, consisting of l> m pho- 
Hisliocytic cells admixed with small numbers of polymorphonuclear leu¬ 
kocytes: Hi&E; original magni heat ion. x>00 


Source: https://www.industrydocuments.ucsf.edu/docs/ffnmOOOO 
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(mean ratio 2.1%). This ratio is in very good agreement with 
ratios for true ETS generated by human smokers in a com 
trolled environment. Ratios of solanesol to particulates from 
the 1 R4P cigarette in these envinonnvenis range from;2.6 to 
with a mean ralioof 312*4 (Ogdbn, unpublished daiai. 
Thc s!igluly IUwer ratios notedlin this study can 1 be alliributed 
10 ' the smoke generation; and particulate analysis systems 
used. Sidestream smoke generated only by a smoking ma¬ 
chine results in slightly lower; solanesol concentrations than 
does human smoking which includes sid&stream smoke and 
exhaled mainstream; smoke (Ogden, unpublished data). In 
addition, particulates were determined as WTPM in this 
study which, by definition, includes water. Significant mois¬ 
ture condensation on the particles will deflate the solanesol/ 
WTPM ratio and apparently dries so at the high exposure 
used here. Measurement of ETS particulates is not appre¬ 
ciably affected by trapped water due to the high dilution of 
the smoke aerosol. Likewise, water does not appear to con¬ 
tribute significantly to the WTPMiconcentrations measured 
at the low and medium exposures. 

The surprisingly low nicotine concentrations in the low- 
exposure chamber have not yet been explained. One hy¬ 
pothesis is that nicotine is selectively adsorbed on the large 
surface area of the chamber or the connecting plumbing, 
This reasoning is consistent with k nown adsorption char¬ 
acteristics of nicotine in a stainless-steel environmental 
chamber; (Thome et a /., 1986): Due to the unusual decay 
characteristics of nicotine in some situations, 3-ethenylpyr- 
idine (a product of nicotine combustion) is gaining accep¬ 
tance as a tracer; for ETS vapor phase (Ogden, 1991 )j. 

The exposure levels used' in this study were carefully cho¬ 
sen with respect' to typical I concentrations in reafilife envi¬ 
ronments, The low exposure used (target and actual partic¬ 
ulate concentrations of 0.10 and 0.09 mg/m 3 ; respective!t) 


% OF ANIMALS (SEXES COMBINED) 



FIG. 9. Distribution of severities ofich ran ic active subepithelial inflam¬ 
mation in Nasal I in the different groupsat the 14-diiv necropsy (sexescom¬ 
bined). MIN., minimal change; MILD, mild change; MOD., moderate 
change: MIKD . marked change: SHV., severe change. (□) Sham. {0J:l6w-. 
(0):medium, (M) high: 


% OF ANIMALS (SEXES COMBINED)i 



FIG. 10. Distribution of epithelial hyperplasia in Nasal I in the different 
groups at the 14^day necropsy (sexes combined). MIN., minimal change; 
MILD, mild change: MOD., moderate change; ;MKD., marked change: SEV:, 
severe change. (0) Sham, (Q) lOw, (m) medium, (■) high. 


is typical of exposure concentrations ini' public places where 
smoking is allowed without restriction. For example, average 
concentrations of tobacco smoke indicators in restaurants 
are 10 j 5 /ig/m 3 nicotine; 2.5 ^g/m 3 3-ethenylpyridine (Ogden, 
unpublished data); and 0.108 mg/m? particulates and IL5. 
Mg/m 3 solanesol (Oldakertf cil 1990). These concentrations 
are equivalent to the concentrations generated! in the low 
exposure (excepting the anomaly noted for the nicotine con¬ 
centration). As an example of more extreme conditions, the 
highest concentration of solanesol e ver measured iin; a real- 
life situation' is, 12.8 Mg/m 3 ('with an associated particulate 
concentration of 0.355 : mg/mfy recorded in a smoke-filled 
billiard parlor (Ogden andIMaiolo. 1989), This concentration 
is approximately half that measured in the medium exposure 
of this study, 

The results presented here show only a minimal effect of 
exposure to very. high, concentrations of aged and! diluted 
sidestream smoke; the only effect being the completely re¬ 
versible (iin 14 days):changes seen' in tihe rostrali nasal cav ity 
at the highexposure only. Since the concentrations of smoke 
used were gross exaggerations (100-fold) of any reasonable 
field situation fon ETS (DHHS, 1986; Oldaker el aL. 1990}. 
we conclude that ETS, at typical and maximal concentra¬ 
tions, is unlikely to:have any significant toxicologicaliactix it\ 
in tests similar to those used here. The NOEL for the study 
is 1: mg/m 3 . 
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Fourteen-Day Inhalation Study in Rats, Using Aged and Di¬ 
luted Sidestream Smoke from a Reference Gigarette. II. DNA 
Adducts and Alveolar Macrophage Cytogenetics. Lee, C. K., 
Brown, B. G., Reed, B. A., Rahn, C. A , Coggins, C. R. E., 
Doolittle, Dj J,, and Hayes, A. W. (1992). Fundam. AppL 
Toxicol. 19, 141-146. 

The chemical constituents of cigarette smoke are greatly di¬ 
luted in environmental tobacco smoke (ETS). In the typical in¬ 
door environment where cigarettes are smoked, the mean value 
of respirable suspended particles is approximately 0.1 mg/m 3 . 
In this study, we used aged and diluted sidestream smoke (ADSS) 
of 1R4F University of Kentucky research cigarettes as a surrogate 
for ETS and exposed Sprague-Dawley rats nose-only to 0, Oil, 
1.0, and 10 mg wet total particulate matter (WTPM)/m 3 for 6 
hr per day for 14 consecutive days. DNA from lung, heart, larynx, 
and liver was testedlfor adduct formation after 7 and 14 days of 
exposure and after 14 days of recovery. In addition, alveolar 
macrophages from animals exposed for 7 days were examined 
for chromosomal aberrations. Exposure-related! DNA adducts 
were not observed in any of the animals at 0.1 or 1.0 mg WTPM/ 
m 3 , which represent ambient and HO-fofd exaggerated ETS con¬ 
centrations, respectively,. Slight diagonal radioactive zones, 
characteristic of adducts observed in human smokers and !in an¬ 
imals exposed to mainstream smoke, were observed, but only 
in lung and!heart DNA of animals exposed to the highest con¬ 
centration of ADSS (10 mg WTPM/m 3 ), a 100-fold exaggeration 
of typical field measurements of ETS. The mean relative adduct 
labeling values (±SE) were 8.7 (±0.2) adducts per 10 9 nucleotides 
for lung DNA and 5.7 (±0i7) adducts per 10 9 nucleotides for 
heart DNA after 14 dhys of exposure. No elevation in chro¬ 
mosomal i aberrations was observed in alveolar macrophages. 
These results indicate a no-observed-effect-Ievel (NOEL) of 1.0 
mg/m 3 for DNA adduct formation in lung and heart and a NOEL 
of at least 10 mg/m 3 for the induction of chromosome aberrations 
in alveolar macrophages under the conditions of this study. 

© 1992 Society of Toxicology. 


The biological significance of exposure to environmental 
tobacco smoke (ETS) has emerged as a subject of intense 


public discussion. ETS consists of sidestream smoke (SS), 
emitted from the burning end of a cigarette between puffs, 
and exhaled mainstream smoke (MS)- Condensate from both 
MS (Doolittle el aL, 1990a; Lee et ah, 1990b) and SS (Dool¬ 
ittle el aL, 1990b) have been reported to be genotoxic in 
vitro . Several in vitto studies (Claxton et ai:, 1989; Lewtas et 
aL, 1987; Ling et aL, 1987; Lofroth e/ aL, 1988; Lofroth and 
Lazardis, 1986) have reported that concentrated ETS par¬ 
ticulate matter is mutagenic. Although cigarette smoke or 
its condensate is positive in many genotoxicity endpoints,, 
its potency is very Ibw compared to other complex mixtures; 
to which humans are exposed, such as coke oven emissions, 
roofing tar, and diesel exhaust (Williams and Lewtas, 11985). 
Recently, Lewtas et aL (1991) estimated that the tumor-ini¬ 
tiating potencies for the extractable organic matter from coke 
oven emissions and urban air are 1000-and 100-fold higher, 
respectively, than that of cigarette smoke condensate (CSC). 
They also concluded that the levels of DMA adduct formation 
with these complex mixtunes correlated with tumor potency,. 
In marked difference to concentrated smoke, constituen ts in 
ETS are highly diluted. Therefore, the critical' question is 
not whether highly concentrated ETS is genotoxic in vitro 
but whether ETS, at its normal concentration range, is geno¬ 
toxic in vivo. 

The measurement of DNA adducts by the 32 P-postlabeling 
assay (Randerath et aL, 1981; Reddy and Randerath. 1986) 
is one of the best ways to assess DNA damage following 
exposure to complex mixtures. It is generally accepted that 
the majority of genotoxic chemicals are converted metabol- 
ically to electrophiles which attack nucleophilic centers in 
nucleic acids and proteins, resulting in the formation of co¬ 
valent adducts (Miller and Millbr, 1981; Hemminki, 1983). 
Therefore, DNA adducts serve as an indicator of exposure 
to genotoxic chemicals. The P| nuclease enhancement ver¬ 
sion of the 32 P-postIabeling assay (Reddy and! Randerath,, 
1986) is sufficiently sensitive to detect one adduct per 10~ 9 
to 10 _, ° nucleotides and therefore is ideally suited for com¬ 
plex mixtures of unknown chemical composition. Using this 
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assay, several studies have reported DNA adducts in rodents 
following inhalation exposure to cigarette smoke (Gupta et 
al. 1989; Bond et aL 1989; Gairola and! Gupta, 1991) as 
well as after skin painting!with CSC (iRanderath el 'aL 1988: 
Reddy and RunduraLh, 1990); Adduct assays have been ex¬ 
tended to include other complex mixtures such as diesel ex¬ 
haust (Wong et al.. 1986; Bond era!., 1989. 1990; Gallagher: 
eiai, 1990). coal sooti(Gallagliciwv a!., 1990), andllubricating 
oil (Schokct.e/ uL 1989): However, studies on the formation 
of DNA adducts in experimental animals after cigarette 
smoke exposure at or near the concentrations found in ETS 
have not been reported. 

Recently, Rithidech et al. (1989) reported that pulmonary 
alveolkr macrophages (PAM) of rats exposed to mainstream 
cigarette smoke developed chromosomal aberrations, thus 
demonstrating the usefulness of these cells as a tool for 
studying the cytogenetic effects of cigarette smoke in the rat 
lung. 

In the present study, , aged and diluted sidestream smoke 
(ADSS) was used as a surrogate for ETS. Cytogenetic damage 
in PAMiand covalent DNA adducts in several internal organs 
of rats were assessed following exposure to different concen¬ 
trations, of ADSS for 14 consecutive days, 6 hr/d ay. The 
results demonstrate that chromosomes in PAM are not 
damaged and that adducts are formed only in the lungs and' 
heart of animals exposed! to the highest concentration! of 
ADSS (10 mg WTPM/m 3 ). DNA adducts were not detectable 
at 0.1 mg WTPM/m 3 , aitypical !concentration of human ETS 
exposure,, or at a 10-fold higher concentration of 1.0 mg 
WTPM/m \ 

MATERIALS AND METHODS 

Materials. fo- 32 P]ATP (3000 Ci/mmol) was obtained from New 
England Nuclear (Wilhiington, DE): Micrococcal nuclease ('100-200 units/ 
mg)'and nuclease P| (255'units/mg) were obtained from Sigma (St. Louis. 
MO) Calf spltcn phosphodiesterase (2 units/mg) was obtained from Boeh+ 
ringer-Mannheim (Indianapolis, IN). Polvethyleneimine (PElRellulose- 
coated thin-layer chromatographic (T,LC) sheets (MacHerv Nagel) were ob- 
tai nerd I from Brinkmann Scientific (Westbury ; NYT T 4 polynucleotide kinase 
was obtained from GIBCCT-BRL (Gaithersburg, MD). 

Experimental animals. Experimental lanimals have been described else¬ 
where {Coggins el al., ,1992). Briefly, 5-week-old Sprague-Dawley rats (Charles 
River, Raleigh; NC) were acclimated for 2 weeks prior to exposure in 2- 
cubic-meter stainless-steel inhalation chambers. The animal rooms had con¬ 
trolled lighting (12 hr dark and 12 Hr light),,temperature (20-24PC), and 
humidity, (40 J -60% relative humidity). A'nimals were allowed 1 , unrestricted 
access to feed (Purina Rodent Chow 5002) and distilledIwater, except during 
the smoke exposures. 

Smoke generation and exposure conditionsi Smoke generation and ex¬ 
posure conditions have been described (Coggins et al. ,1992). Briefly, smoke 
was generated from I R4F research , cigarettes with a 30-port AM ESA gen¬ 
erator (CH Technologies, Westwood, NJ) fitted withhan aluminum cone for, 
collection of sidestream smoke. Cigarettes were smoked according to the 
FcderallTrade Commission methodi(a 35-ml puff of 2 sec duration, once/ 
min)!except that! instead of a'fixed butt length, a fixed number of puffs 
(seven) was taken (Baumgartner; and Coggins. 19801. Ayres-if al\ 1990):. 
Mainstream smoke was exhausted and discarded and the sidestream smoke 
wasdrawn into a common plenum. Different amountsiofsidestream smoke 


were provided for each chamber and mixed with dilution air drawn from 
the animal room through M EPA filters. Target concentrations for suspended 
particulates were 0,0.1. I, and 10 mg/m 3 : Exposures were for 6 hr per diy. 
for 14 consecutive days. 

Experimental design. For the DNA adduct assax, rats were divided into 
foungroups: sham, km (0. II mg WTPM/hif). medium (1.0 mg WTPM/m 1 ), 
and high exposures (10.0 mg AVTPM/m 3 ): Each group contained 12 male 
animals.; Four animals; in each group were killed after 7 and 14 days of 
exposure for DNA adduct analysis. The remaining 4 animals inicach group 
were kept for a further 14 days without smoke exposure for the revmibillU 
study. 

DNA isolation and digestion. Whole lung, heart, liver, and larynx tissues 
were weighed and homogenized in Hanks’ balanced salt solution (HBSS, 
Ca 3+ - and Mg 2+ - free). Homogenates were centrifuged and the supernatant 
extracts discarded; Pellets were resuspended in HBSS. DNA was isolated on 
a Genepure 341 nucleic acid purification system (Applied Biosystems,; Inc., 
Foster City, CA) by solvent extraction and enzymatic digestion of protein 
and RNA. DNA concentration was estimated spectrophotometrically,(l 
= 50 Mg DNA/ml). Absorbance ratios (260/280) of all DNA samples ranged 
from 1,6 to 1.8. Samples of DNA were digested essentially as described by 
Gupta et ai (11982) with minor modifications. Five to 10 pg of DNA was 
digested for 3.5 hr at 37°C in a total volume of lO 'MUcontaining OJb U of 
micrococcal nuclease and 5.0 Mg of spleen phosphodiesterase (dialyzed 24 
Kr against water) in 100 mM CaCI 2 and 200'mM sodium succinate buffer, 
pH 6.0. 

S3 P-post labeling assays The nuclease P, procedure (Reddy and Ran- 
derath, 1986) was used as described with slight modifications DNA digest 
samples were incubated for 45 min w-ith nuefoase P f under the following 
conditions: to 10 m> of DNA digest was added 4 m! of a solution containing 
each of the following: 2.0 mI of nuclbase P, (4 mS/mO* 0.7 mI of 1 mM ZnCl 2 , 
0.7 mI of 0.4 m sodium acetate, pH: 5.0, and 0.6 mI of distilled, deionized 
water. Immediately following nuclease P, treatment; 2.0 pj of 10 mM Ches- 
NaOH, pH 9.6, was added. DNA digests then were reacted with 7,5>Ci of 
H;- 3 -P]ATP using 4.5 U of T 4 polynucleotide kinase and kinase buffer (200 
mxtChes-NaOH,TOO mM MgCI 2v 100 mMidithiothreitol, and 10 mMispen- 
midine, pH 9.6). Separation of the 32 P-labeled adducts was oniPEI-cellulose 
TLC sheets using the following solvents: Dl, li.0 M sodium phosphate. pH 
6.0 (overnight onto a wick); D3,,5.3 M lithium formate, 8:5 ; M urea. pH 3.5; 
D4. 1.2 m: lithiumichloride, 8.5 M urea, 0.5 M Tiris base. pH 8.0 (onto a 
wick); DSj 1.7 M sodium phosphate, pH 6.0 (overnight onto a wick). 

Quantification of DNA adducts. For each batch of [ 32 P]ATP. the specific 
activity was determined by measuring the kinascrcatalvzcd incorporated of 
radioactivity into 10 pmoJ of 2-deoxyadenosine 3 > -monophosphate (Reddy 
and Randerath. 1986). Values of specific activity fellwithin the range ofi 1.5 
to 2.5 X I0 6 CPM/pmoK TLC maps;were wrapped in Milar plastic and 
scanned for 8 hr using the AM BIS radioanalytic imaging system (AM BIS 
Systems, Inc., San Diego, CA):under an argon atmosphere. A 3.2 X 3.2- 
mm resolution plate w-as used. The counting efficiency averaged approxi¬ 
mately 20%. The AMBIS radioanalytic imaging system iis a computer-con¬ 
trolled imaging system which directly quantifies radiation. Its: use in 33 P- 
posiiabeling assay of DNA adducts has been reported (Tuneltaub er at .. 
1990). The system has a twordimensional proportional detector composed 
ofi952'elements that simultaneously detect multiple R emissions. Sample 
patterns are replicated in the resulting computer picture which is displayed 
as a high-resolution image on a video monitor. Results are stored in per¬ 
manent data files; Computer-generated images of the adduct maps were 
marked and scored for radioactivity,. Background from the adjacent area 
was subtracted. The amount of adducts present in each isample was calculated I 
from the radioactivity present in adduct spots or zones and the specific 
activity ofthe [fyr 33 P]ATP used, and expressed as total number of adducts/ 
ID* nucleotides. In our experience, the images produced on; the monitor 
equal, and often exceed, those of conventional autoradiography. The relative 
addbet labeling (RAL) values calculated from AM BIS-generated data were 
compared with those obtained by autoradiography and liquidiscintillation 
counting. Results were comparable. 
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DISCUSSION 

The P, nuclease enhancement version of the 32 P-postla- 
beliing assay (Reddy and Randerath, 1986) is the most sen- 
sui\c method.available for evaluating- DNA adducts follow¬ 
ing in vivo exposure to complex mixtures. DNA adducts have 
been observed I in experi mental animals and Humans follow¬ 
ing exposure to a variety of complex mixtures including 
mainstream cigarette smoke For example, the presence of 
DNA adducts in smokers has been reported, with signifi¬ 
cantly lower levels in ex-smokers and nonsmokers (Phillips 
etal., 1988, ,1990; Randbrath et al ., l989;Cuzick efa/., 1990). 
In rodents, adduct formation has been reported in lungs and 
other respiratory tissues (Bond et all, 11989; Gupta etaL, 
1989; Gairola and Gupta; 1991) following smoke exposure. 
On the basis of these reports, the rat appears to be a suitable 
animal model for molecular dosimetry of covalent DNA 
binding at low concentrations of complex mixtures such 
as ETS. 

DNA adducts generally decrease and eventually disappear 
upon cessation of exposure to genotoxic agents. Adducts in 
ex-smokers are reported to be significantly less than in current 
smokers and eventually reaehi the levels of nonsmokers 
(Phillips et ai, 19881 Randerath et al., 1989). In baboons 
exposed to cigarette smoke, DMA adducts disappeared withi 
time during smoking cessation (Marshall et a!., 1991). How¬ 
ever. the rate of decrease may depend on the tissues involved. 
Slower disappearance of polycyclic aromatic hydfocarbon- 
DNA adducts in lung compared to skin has beeni reported 
(Schoket: et al., 1989). In the present study, 2 weeks were 
insufficient to show a complete disappearance of the addiicts 
in either lung or heart from the high-exposure animals. This 
finding is consistent with observations reported by others. A 
dberease in> adducti levels was not observed until 4 weeks 
after the cessation of diesel!exhaust exposure to rats (Bond 
et a!.. 11990). Lung DNA adducts from cigarette-smoke-ex- 
posed rats remained at the same level 1 week after cessation 
of exposure with a significant decrease after 19 weeks (Gupta 
et al:. 1989); 

Rithidech et al: (1989) exposed animals to approximately 
100 to 200 mg TPM/m 3 for 6 hr/day, 5 days/week for 22'to 
24 days and reported an increase in the frequencies of chro¬ 
mosomal aberration in exposed animals. Other cytogenetic 
studies on smoke-exposed rats (Lee ei al., 1990a; Baslbr. 
1982) and! hamsters (Korte et ai, 1981), however, failed to 
induce chromosome aberration, sister chromatid exchanges, 
or micronuclei formation in bone marrow and lymphocytes. 
Based on these results, PAM appears to be a more sensitive 
tissue for measuring the clastogenic potential of inhaled to¬ 
bacco smoke than is bone marrow. In our study, none of 
the exposed animals, including the highest exposure group, 
yielded PAM with increased chromosome aberration. 

Concentrations of ETS in indoor environments vary, but 
average concentrations of respirable suspended particles are 
approximately 0.1 mg/m 3 (Oldaker, 1989; Oldaker et al.. 


1 990a,b). A weakly visible DRZ in lung and heart! tissues 
was observed in rats after exposure to ADSS, but only at the 
highest exposure (10 mg WTPM/m 3 ). Although smoke-re¬ 
lated DNA adducts have been reported in the larynx in hu¬ 
man smokers (R&nderalh tv c/C 19X9) and in rats exposed 
to mainstream smoke (Gairola and Gupta, 1991), our study 
did not detect DNA adducts iin this organ or liven at the high 
exposure ( HO mg WTPM/m 3 ); a. 100-fold exaggerated! ETS 
concentration. It is significant that concentrations (0.1 and 
1.0 mg WTPM/m 3 ); which represent an average level of ETS 
in most plkces where smoking is allbwed and a lOTold in¬ 
crease in concentration; respectively, did not result in any 
exposure-related adducts. Even in tissues with visible DRZ, 
the level! of adducts was near the detection limiti Ntone of 
the concentrations tested significantly increased chromosome 
aberrations in PAM. Thus, under the conditions of these 
studies, IL0 mg WTPM/m 3 represents a no-observed-effect- 
level (NOEL) for DNA adduct formation in limg and heart 
and a NOEL of at least 10 mg/m 3 exists for the induction 
of chromosome aberrations in alveolar macrophages. 
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In ritro modification of DNA i with CSC. One m i 11 igra m of Ui ng DN A 
isolated from Sprague-Da wlty rats, was treated with 5 mg (lin 5(Ki:#il of 
DMSOf of CSC Irani'.Kentucky: Reference IR4F cigarettes imlhe presence 
of ;u» S9 : iik‘Uihe4k' acti^atiniiisystem. The S l > li\vi Itomouenaic iobtained 
lw>rn M-'ieail.ii lu\K*»h)gv k Ymuipolis. AID) wav prepiuvd. .w.oTiling to 
\itK-v, , nl•).:?».. Ilhc conccniialion in the mix \vus.5Vlv vl and 5.0 
ml i if i lie S 4 ) mix-was added to the reaction mix': The .reaction mixture vui* 
incubated It mi 5. hr at ’?' (' DNA u;iv extracted with the AIM (ienc.pure 
cviniti»M 

In vivo modification of DNA with benzo[a\fiyrctu\ female B6C5H mice 
were given a single ip dbse of 40 or 60.mg/,kg of benzofujpyrene B[a]R in 
0.1 ml ofDMSO/com oil {50/50 v/v). Livers were collected 43lhr after Bfi/JP 
administration. DNA was extracted by the A.S.A. P. genomic DNA isolation 
kit (Boehringerr-Mannheim). 

Pulmonary alveolar macrophage isolation and analysis of chromosomal 
aberration j Ifnmediatley following the seventh consecutive daily ADSS 
exposure period, animali were injected ip with colchicine (6 mg/kg, 12 mg/ 
ml colchicine stock solution).' Four hours later, the animals were killed (by 
asphyxiation with 70% carbon dioxide (C0 2 ) and the tracheas were can- 
nulated with 14G »v catheters. The lungs and heart were removed as a block 
and placed in ice oold HB5S without Mg 2 * or Ca 2+ for 30 to 60 min. The 
lungs were lavaged repeatedly through the cannula using a 10-ml syringe 
filled with 7 ml of ice-cold HBSS. After the lungs were filledj they were 
massaged for 1 minandthe lavage fluid was removed and placed in a 50- 
ml centrifuge tube on ice. Lavagingand massaging continued until approx¬ 
imately 50 ml of lavage fluid was collected. The lavage fluid was centrifuged 
and the supernatant fraction drawn off. The pellet was resuspended in pre¬ 
warmed (37.°C):75 mM K.GI and incubated at 37®C fori 25 min. After cent 
trifugation. the cells were fixedifirsliwith 6:1 absolute MtOH:g!aciaI acetic 
acid and'then three more times with Carnoy’s fixative (3:1 absolute MeOH; 
glacial acetic acid). Metaphase spreads were prepared. Two slides .per animal 
were stained!for 7 min with Gicmsaidiluted l::20 (10 1 ml Giemsa. 190 ml 
distilled H : 0) amllmountcd with coverslips using Depex mounting medium. 


A B 



FIGj I. Comparison of TLC maps of lung DNA from Sprague-Dawlcy 
rats exposed to aged and diluted sidestream smoke for 14 days: (A) sham 
exposure;.(B) low exposure (0.1 mg WTPM/m?); (C) medium exposure (1.0 
mg WTPM/hii 1 ); (D) high exposure (10 mg WTPM/m 3 ): TLCs were scanned 
for 8 hr with AMB1S radioanalytic imaging system. 



FIG. 21 Comparison of TLC maps of heart DNA from Sprague-Dawley 
rats exposed to aged and diluted sidestream smoke for 14 days: (Afsham 
exposure; (B)ilowexposure(0,1 mg WTPM/m?): (C) medium exposure (1.0 
mg WTPM/m 3 );i (D) high exposure (10 mg WTPM/m 3 ). TLCs.were scanned 
for 8 hr with AMBISIradioanalylic imaging system. 


Fifty metaphases for each animal were scored for chromosome aberrations 
where possible Sometimes.50'soorable celB were not available. Scarcity of 
scorable cells is not a sign of toxicity, but is due to the \cry low mitotic 
index of PAM fPinkett et ai. 1966; Evans and Bills, 1969) Scoring was 
done without knowledge of treatment group. 

Statistical analysis^ Statistical significance (p <:0!05) was.cvalualed In 
analysis.of variance for DNA adduct data and by Fisher s exact test for 
eh ro ni oso m a 11 a berra t i o n i d a t a. 

RESULTS 

After 14 exposure days,, no oven signs of toxicity or sig¬ 
nificant body weight differences were observed I between an y 
of the exposed groups and the sham controls. Exposed lungs 
were not pigmented and the only hlstopathologicallchanges 
observed were mild hyperplasia and inflammation of the 
nasal cavity in the high-exposure group only (Coggins err//.. 

1992); These changes were reversible. 

32 P maps of DNA samples from lung and heart tissues 
from animals in the highest exposure group (10 mg WTPM/ 
m 3 ) exhibited slight diffuse diagonal radioactive zones (DRZ) 
extending from close to the origin into the center of the chro¬ 
matogram. Lung DNA from animals in the highest exposure 
group (10 mg WTPM/m 3 ) exhibited DRZ after 7 and 14 
days ofi exposure and* the DRZ was still present after a 1'4- 
dav recovery periods Heart DNA also exhibited faint but 
recognizable DRZs in the highest exposure group but only 
after 14 days of exposure and after the 14-day recovery pe¬ 
riod. Adduct maps of lung and heart DNA firom the four 
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FIG. 3: TLC maps of B[a]P-DNA adduct from liver of mouse injected 
ip with 40 mg/kg of B[c/)P (A) and CSC-DNA adduct prepared in vifro(K). 
TLCs were scanned for 8 hr with AMBIS radioanalytic imaging system. The 
RAL values are 839 addUcts per 10^ nucleotides for B[a]P-DNA adducts 
and 55 addiicts per 10 9 nucleotidts for CSC-DNA addLcts. 


exposure groups are shown in Figs. 1 and 2, respectively. 
The liver and larynx did I not exhibit exposure-related adducts 
at any concentration or time point. Maps of CSC-DN A ad¬ 
ducts fromi/')r vitro reactions and B[a]P-DNA adducts from! 
liver of mice injected ip with B[a]P are shown in Fig. 3: 
Mean RAL values of the four organs flung, heart, liver, and! 
Ihrynx) after 14 days of exposure are presented in Fig. 4. 



LUNG HEART LIVER LARYNX 


FIG. 4. RAL valhes (mean ! 1 SE, n = 4) of DNA addUcts in tissues of 
Sprague-Dawlcy rats after a 14-day exposure to a high concentration (10 
mg WTPM/m 3 ) of aged and diluted sidestream smoke. Differences ibetween 
the groups were tested by ANOVA. ^Significantly different:(/; < OjQSHrom 
sham control. (■) Sham; (0) low, 0.1 mg WTPM/m 3 ; (□) mediumi I mg 
WTPM/m 3 ; (□) high, 10 mg WTPM/m 3 . 



LUNG HEART 


FIG. 5. Comparison of RAL values (mean ± SE, n = 4) of DNA adducts 
in lung and heart after 7- and 14-day exposures to High concentration (10 
mg WTPM/m 3 ) of aged and diluted sidestream smoke and after a 14-day 
recovery; period. Differences between the groups were tested by ANOVA. 
♦Significantly different (p < 0.05) from sham control (!) Sham, (ID) 7 days, 
(□) 14 days, (□) 14-day recovery. 


Only the kings and heart from the highest smoke exposure 
(10 mg/m 3 ) contained adduct concentrations significantly 
higher than sham controls. The RAL values were 7 to 10 
adducts per TO 9 nucleotides (21 to 30 amol//ig DNA) for 
lung and 1 4 to 7 adducts per 10 9 nucleotides (12 to 211 amo.I/ 
Aig DNA) for heart. In both lung and heart, the amount of 
addkets was si milar at the end of the 14-day exposure period 
and after the 114-day reversibility period (Fig. 5). 

The results of the chromosomal aberration iassay in PAM 
after 7 consecutive exposure days are presented in Table 1. 
Positive control animals injected with cyclophosphamide 
exhibited a statistically significant increase inichromosomally 
aberrant; cells; however; no statistically significant increase 
in cells with aberrations was observed in smoke-exposed an¬ 
imals; 


TABLE I 


Chromosome Aberration Analysis in Puhnonary AlVeolar 
Macrophages of Rats Exposed to Aged and Diluted 
Sidestream Smoke for 7 Days 


treatment 

Number of 
animals 

Number 
of cells 
analyzed 

Number of 
aberrant 
cells 

Percentage 
cells: with 
aberrations 

Sham exposure 

3 

1:50 

2 

1.3' 

Low exposure 

(Q. l mg WTPM/m 3 ) 

4 

189 

2 

1.1 

Medium exposure 

(1.0 mg WTPM/m 3 ) 

3 

77 

0 

0 

High exposure 

(It) mg WTlPM/hi’) 

3 

150 

6 

410 

Cydophosph amide 

(It) mg/kg) 

2 

89 

12 

1 3; 5 '* 

Saline (0.5 mt/kg) 

3 

150 

1 . 

o;7 


Statistically signilicanl!(iP < 0 j05)j 
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SUBCHRONIC INHALATION) STUDY IN RATS USING 
AGED AND DILUTED SIDESTREAM SMOKE 
FROM A REFERENCE CIGARETTE 

Christopher R. E. Coggins, Paul H. Ayres, Arnold Tl Mosberg 
R J. Reynold^ Tobacco Co., Winston-Salem, Nbrth Carolina 

John W. Sagartz 

Veritas, Burlington; North Carolina 
A. Wallace HAyes 

R. J. Reynolds Tobacco Co., WinstontSalem, North Carolina 


Male Sprague-Dawley rats were exposed 6 hr/day 5 aavs/week for up to 13 weeks to 
aged and diluted sidestream smoke tADSSk used as a surrogate for environmental 
tobacco smoke (ETS), at concentrations of 0.1 rtypical'X 1 ("Extreme' ), or 7 OCexag: 
gerated") mg o/partfcu/afes/m 3 Subgroups of animals were killed after1 and 4 weeks 
of exposure. Animals were exposed nose-only, inside whole-body chambers, to ADSS 
from the 1R4F reference cigarette. End points included histopathology, CO oximetry, 
plasma nicotine and cotinine, clinical pathology, and organ and body weights. The 
target particulate concentrations were achieved; at the exaggerated exposure they 
resulted in CO concentrations in excess of SO ppm. Particle size distributions showed 
that the aerosols were completely respirable: the mass median diameter values were 
less than I ftm. The only pathological response observed was slight to mild epithelial 
hyperplasia m the rostral nasal cavity, in the exaggerated exposure group only. No 
effects were noted at low (typical of measured real-world ETS concentrations) or ex¬ 
treme exposures. The changes were similar tn animals killed after 4. 28, or 90 days, and 
were also similar to those noted tn an earlier experiment with onlv 14 days duration, 
indicating that the change does not progress with increased exposure duration from 4 
to 90 days. The nasal change was absent in a subgroup of animals kept without 
further smoke exposure for an additional 90 davs. indicating complete reversibility. 
Overall, the end points used in the study demonstrated that il) there was no defect- 
able biological activity of ADSS at typical or even 10-fold ETS concentrations, and (2) 
the activity was only minimal< at exaggerated\ concentrations in one region of one 
organ only. Based on the nasal histopathology. the NOEL for the 90-day study is >1 
mgrm 3 


The authors thank J ferry Avalos, Jim Corn, Deima France, and Keith i Shreve for constructing 
the inhalation laboratory and tor performing the inhalation exposures; Jessica Baker tor the animal I 
care; Dr. Michael Ogden and Katherine Matolo for the nicotine, sol&nesol, and >etbenvlpyridine 
measurements; Sheri Reynolds for serology and the COHb assay; Leroy Gerald for necropsy; Dr. 
Kuo-Mei Chang for the plasma nicotine analyses: and Mark Forsell for the histology. 

Requests for reprints should be sent to Dr. C. R. E. Coggins, Research and I Development, R. J. 
Reynold^ Tobacco Co., Winston-Salem NC 27102. 
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INTRODUCTION! 

Numerous statements have been made in the; scientific literature on 
the biolbgfcal activity of environmental tobacco smoke (ETS) (Depart¬ 
ment of Health and Human Services, 1986; National Research Council, 
1986). Recent work with animals exposed 6 hir/day for 14 consecutive 
days to aged and diluted sidestream smoke (ADSS) reported minimal 
histopathological changes in such studies* even when smoke concentra¬ 
tions many times higher than those reported in the field were used (Cog¬ 
gins et al v 1992). ADSS has beemshown to be a suitable surrogate for ETS 
(Baker and Proctor, 1990; Cori and Mantel, 1991; Guerin et al., 1992). 

The purpose of the present study was to determine for histopathol- 
ogy (1) if the changes seen in the above study of 14 days duration were 
modified in subchronic (90^day) exposures, (2) whether any new changes 
were observed in subchronic exposures, (3) whether the dose-response 
relationship was different after the subchronic exposure (using the same 
target ADSS concentrations as used previously), and (4) whether the 90- 
day changes (if any were noted) were reversible in a further 90-day pe¬ 
riod without any exposure. 

Target ADSS concentrations were 0.1,.11 and 10 mg/m 3 , the same as 
those used in the 14-dav study. Respectively; these correspond to "typi¬ 
cal/' "extreme;/' and! "exaggerated'' field! measurements (Guerin et al., 
1992). 

The primary end point of this study was the histopathology of the 
respiratory tract and related organs, as assessed by pathologists with 
experience in rodent inhalation studies with cigarette smoke. Secondary 
end points included'those suggested by regulatory authorities (Organisa¬ 
tion for Economic Co-Operation, 1981); other end points (CO-oxiimetry, 
plasma nicotine and cotinine) were added to the basic protocol! to verify 
that smoke inhalation did occur (dosimetry). 


MATERIALS AND METHODS 
Experimental Design 

The experimental design was based on publiishedlguidelines (Organi¬ 
sation for Economic Co-Operation, 1981). Three groups of animals were 
exposed to ADSS; there was a sham-exposed group exposed only to 
filtered air. Animals were exposed to smoke inside whole-body chambers 
(Chen et al., 1989) using noseoniy restraint tubes. A further group of 
animals was kept as sentinels for the detection'of disease. There were 
106 male animate ini each of the four groups. Animate were exposed 6 
hr/day, with animate killed after 4, 28, or 90 days of exposure. The 4-day 
exposures were performed with only 10 animate per chamber; the cham¬ 
bers were refilled 1 with the remaining 96 animals per group for the 28- 
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and 90-day exposures. Animals in satellite groups were kept tor a further 
90 days without treatment to assess reversibility. 

Experimental! Animals 


A total of 506 male animals, weighing 125-150 g, was purchased from 
Charles River Laboratories (Raleigh; NC). Animals were housed individu¬ 
ally in transparent polycarbonate cages and acclimated to laboratory con¬ 
ditions for 14 days prior to the first exposure. 

The Sprague-Dawley rat (Crl:CD/BR, VAF/Plus) was chosen as the ex¬ 
perimental animal because it has frequently been used in inhalation 
studies and there is a large amount of background inhalation informa¬ 
tion available in the scientific literature. Mkles only were used, to allow 
sufficiently large group sizes for the many different end points studied. 
Earlier work (Coggins et al., 1992) showed no difference between the 
responses shown by males and females. 

Within 5 days of delivery, five animals were randomly chosen and 
killed for collection of sera, which were tested for the following; antibod¬ 
ies to disease: reoviirus type 3 ; cilia associated respiratory bacillus. 
Ki;lham's rat virus, Toolan's H-1 virus, pneumonia virus of mice, Sendai, 
rat coronavirus/sialodacryoademtiis virus, lymphocytic choriomeningitis 
virus, and Mycoplasma pulmonis. Antibody testing was made on sera 
obtained from five animals at the beginning, midpoint, and end of the 
inhalation part of the experiment, and at reversibility (total of 25 animals): 
The lungs from the sentinel animal were taken and examined histo- 
pathologically to ascertain health status. 

Within a week of delivery, the animals were allocated into four 
groups of 106 animals each, such that the body weights in the groups 
were as homogeneous as possible. The mean f±SD, n = 106) weights in 
the sham,, low, mid, and high groups at randomization were 1:57^7 ± 6.6. 
157.5 ± 6:7, 157.6 ± 6.3, and 157.7 ± 6.6 g, respectively. 

During the week after allocation! into groups^ animals were tailk 
tattooed (Animal Identification and Marking Systems, Piseataway, NJ) 
with their permanent identification number. 

The animals were housediand cared for in accordance with the Ani¬ 
mal Welfare Act of 1970 and amendments (Public Law 91-579), as set forth 
in CFR Title 9, Part 3'Sub-part E, Specifications for the humane handling , 
care , treatment , and' transportation of warm-blooded animals other than 
dogs, cats, rabbits, hamsters^ guinea pigs and non-human primates. Ref¬ 
erence was also made to the DHHS document Guide for the Care and 
Use of Laboratory Animals (NIIH publication 86-23): Animals were housed 
in a vivarium that hadi controlled lighting (12 hr of darkness, from 18:00 
hr); temperature (20-24°C), and humidity (40-60% RH). Seven-day contin¬ 
uous recordings were kept of RH and temperature: Empty animal rooms 
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were certified (Certek, Raleigh, \'C) as being class 100 (less than 100 
particles/W. 

Animals had unrestricted access to certified feed (Purina Rodent 
Chow no. 5002, presented as pellets) and distilled water. No feed was 
available during inhalation exposures. Feed was withheld overnight prior 
to necropsy. Chemical analyses of feed, water, or bedding were not per¬ 
formed because it was deemed unlikely that contaminants would ad¬ 
versely affect the experiment. 

Cigarettes 

The 1R4F reference cigarettes were purchased from the Tobacco and 
Health Research Institute (Lexington; KY). A full description of the main* 
stream, sidestream, and ET5 chemistry of the 1R4F cigarette has been 
published elsewhere (R. ji Reynolds, 1988), as has a description; of the 
physical: and chemical characteristics of mainstream and environmental 
tobacco smoke (Cori and Mantel! 1991). A description of the origins of 
ETS has also been published (Baker and Proctor, 1990). 

Aerosol Generation Apparatus 

Methods have been described in dbtail elsewhere (Coggins et ah, 
1992); the following constitutes a basic description only. A 30-port smoke 
generator (CH Technologies, Westwood, NJ), similar to that described by 
Baumgartner and Coggins (1980) and by Ayres et a!. (1990), was fitted with 
an aluminum cone for collection; of sidestream smoke (SS). Mainstream 
smoke was generated under Federal Trade Commission conditions, (ex¬ 
cept butt length: 7 puffs were taken instead of burning to a fixed butt 
llength) and was discarded: Sidestream smoke was drawn from;the cone 
into a common;plenum used for aging and diluting the smoke, using,3- 
im (76.2-mm)-diameter polyvinylchloride (PVC) tubing throughout. Differ¬ 
ent amounts of SS were drawn: from the plenum for each chamber and 
mixed with further amounts of dilution air dfawn from the room through; 
HEPA filters. Room air was HEPA-filtered "upstream " The sham and senti¬ 
nel animals were kept in chambers that were not; attached to the 
plenum: 

Animal Exposure Apparatus 

The whole-body inhalation chamber (Moss et al., 1982) is available 
commercially (Lab Products, Maywood, NJ). Each chamber was operated 
at' a flow rate of 16 ft J /min (in excess of 15 air changes/hr): 

The conical! nose-only restraint tubes (Baumgartner and Coggins, 
1980) are also commercially available (CH Technologies, Westwood, NJ); 
they were used to minimize contamination of the pelt with deposited 
ADSS whichicould then be absorbed dermally or ingested during preen* 
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| ing (LangSrd 1 and Nordhagen, 1980). Tubes were 73 mm in diameter and 

I 263 mm long; the inlet was 22 mm in diameter. The ventilation slots on 

? the restraint tubes were covered with duct tape. 

On exposure days, individual animals were taken from their cage in 
t the chamber; placed inside a nose-only restraint tube, and replaced in 

p the tube into the same cage. The positions of racks within the chambers 

: : were changed daily in order to minimize any effects of cage position 

( withim the chamber. 

Daily Characterization of Inhalation Exposures 

i During animal exposures, probes were used to monitor the aerosol 

presented. This monitoring was by collection of aerosol on 25-mm Teflon 
pads (TF-450, Celman, Ann Arbor, Ml), followed by gravimetric determn 
nation of collected particulates using Cabin C-31 microbalances (Cahn ; 
Cerritos, CA). The RAM-1 instrument (MIE Corp., Bedford, MA) was used 
to give an on-line estimate of particulate mass concentrations. 

The main analytical instrument used for estimating CO and CO : con¬ 
centrations was the Horiba PIR-2000 (Horiiba Instruments, Irvine, CA), 
calibrated daily with certified gas mixtures (AIRCO Welding Supply, 
Greensboro; NC). Oxygen concentrations (%) were monitored by a 
Horiba PMA-200 instrument, also calibrated, with a certified gas mixture. 
Very low concentrations of CO were measured with the Miram 80 gas 
analyzer (Foxboro Instruments, South Niorwallk, CT). Data from the on¬ 
line instruments were logged manually every 60 min. 

Measurement of nicotine and its pyrolysis product 3-ethenylpyridine 
(Guerin et al., 1992) was by gas chromatography with tihermiionic-specifiic 
detection. Chamber atmospheres were sampled with XAD-4 sorbent 
tubes (5KC Inc., Eighty-Four, PA) that were extracted for analysis withi 
ethyl acetate containing 0.01i% triethylamine (Ogden, 1989). 

Solanesol measurements were made by liiquid chromatography with 
UV detection at 205 nm. After gravimetric determination ofi particulate 
mass, the pads were extracted with 3 mil methanol for solanesol analyses 
(Ogden and Maiolo, 1992k 

Measurements of particle size distribution were made with Mercer- 
style cascade impactors (Mercer et al., 1970; In-Tox Products, Albuquer¬ 
que, NM). The impactor had cutoff diameters in the range of: 0.4-2.5. 
under the conditions of use (1.2 l/min); calculation of mass medianidiamn- 
eter andi associated standard geometric deviation was by probit analysis. 
The cover slips (uncoated) used to collect the aerosol for impactor analy¬ 
sis were weighed using Cahn C-31 microbalances. 

Temperature and % RH of the exposure atmosphere were measured 
with a condensation dew point hygrometer (modeli 1100 DP, General East¬ 
ern Instrument Co., Watertown, MA). 
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Clinical Observations 

Animate were inspected visually for signs of overt toxicity as tbev 
were being transferred from their cages to the restraint tubes and when 
being transferred back to their cages. More detailed clinical observations 
were made omeach animal once every 4 days, before the exposure and 
within 2 hr of the end I of the exposure. 

Body Weights 

Individual body weights were determined within 48 hr of receipt, at 
randomization, and every week thereafter, using Mettler PM 2000 bal¬ 
ances. 


Dosimetry 

Blood samples were obtained after 6 hr of smoke exposure, on differ¬ 
ent exposure days throughout the experiment. Blood was drawn from 
the retro-orbital sinus, using anesthesia with 70% CO, in air and heparin¬ 
ized micropipettes, and held on ice in plastic cuvettes containing diso- 
dium edetate (Na 2 -EDTA) during the time between sampling and analysis. 

Blood carboxyhemoglobin (COHb) concentrations were determined! 
on 0,5 ml of the total sample, using a model 482 CO-oxiimeter (Instru¬ 
mentation Laboratories, Hartford, CT). Subsamples of the blood' 1 col¬ 
lected for COHb were taken for tihe determination of plasma nicotine 
and cotinine. The latter analyses were performed by an enzyme-linked 
immunosorbent assay (ELISA) method (Chang et al., 1992). 

Necropsy 

The following numbers of animals were allocated to necropsy and 
subsequent histopathology in each of the four exposure groups: 10 for 
the 4-day necropsy, 10 for the 28-day necropsy, 25 for the 90-day ne¬ 
cropsy, and 15 for the reversibility necropsy. Remaining animals were 
used for end points other than histopatholbgy (no data presented here). 

Animals were killed on the day following their last exposure, and the 
time interval! recorded. Feed was not available to tihe animals during this 
interval. 

At necropsy, animals were weighed and! then kiillbd first bv anestheti¬ 
zation with 70% C0 2l in air andi then exsanguination via the vena cava 
prior to cessation of heartbeat. Blood samples for the various assays to 
be performed were collected! fromi the vena cava. 

Animals were subjected to a complete gross examination in the pres¬ 
ence of a board-certified! veterinary pathologist, with special attention 
paidlto the respiratory tract. 
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Clinical Pathology 

The following assays were performedi on whole blbod obtained at 
each necropsy: red! blood cell count, hemoglobin; hematocrit; mean red 
cell volume, mean red cell hemoglobin, mean red cell hemoglbbin con¬ 
centration, white cell count, differential white cell count, reticulbcyte 
count, and platelet count. The anticoagulant Mk 2 -EDTA was used; stan¬ 
dard hematological methodk were used. 

The following assays were performed on serum obtained from ani+ 
mals at each necropsy: calcium, phosphorus, chloride, sodium, potas¬ 
sium,, glucose, alanine aminotransferase, aspartate aminotransferase, 7 - 
glutamyl transpeptidase, urea nitrogen, albumin, creatinine, total 
bilirubin, total cholesterol, triglycerides, and total protein; The time of 
blood sampling was recorded. Suire-Sep II serum separators (Organon- 
Teknika, Durham, NC) were usedl to minimize hemolysis; the time be¬ 
tween blood collection and serum collection was kept as short as possi¬ 
ble. Standard analytical methods were used. 

Organ Weights 

The lungs (complete with trachea but excluding the larynx), brain, 
liver, testes (pair), kidneys (pair), and heart (excluding major vessels) were 
weighed at each necropsy using Mettler PM 460 balances. Organ weights 
and the (fasted) body weight recordedl immediately before death were 
used to calculate organ/body weight ratios; The time from removal of the 
organ until weighing was minimized and tissues were kept in saline until 
they were weighed. 

Tissue Collection 

Tissues were removed from each animal and fixed in 10% neutral 
buffered formalin (NBF), at a volume dilution of II part tissue to at least 15 
parts formalin (Feldman and Seely, 1988), The fixative contained 20'ml of 
1 % eosin per 20 I!of 37 % formalin as a precaution to identify the fluid as 
fixative. Lungs were infused with NBF at a volume that ensured proper 
distention and fixation. The trachea was ligated after distention; 

The following tissues were collected: adrenals, aorta, bone (sternum, 
femur), brain, cecum, colon, cranium, duodenum, epididymides, esoph¬ 
agus, eyes/optic nerve, heart, ileum, jejunum, kidneys, larynx, liver, 
lungs, lymph nodes (various), nasopharynx, nose/turbinates, pancreas, 
parathyroid, pituitary, prostate, rectum, salivary giandj seminal vesicle, 
skeletal! muscle (thigh), skin (abdominal); spinal cord (lumbar), spleen, 
stomach, tail, testes, thymus, thyroid; tongue, trachea, urinary bladder; 
and Zymbal's gland. 
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Histdpatholbgy 

Respiratory tract tissues (nasal' passages, larynx, trachea, conducting 
airways, deep lung), heart and related lymph nodes (thymic and peri¬ 
bronchial), and gross changes were: examined in each of the animals 
allocated to histopathology. 

The nasal tissues were cut at three different locations to obtain repre¬ 
sentative sections of the different epithelia; as described previously 
(Young, 1981), The lungs were sectioned so as to provide a section along 
the main stem bronchus of each lung lobe. A precise anatomic site tor 
cutting the larynges is required: serial step sections were taken to reach 
this site (Burger et al., 1989; Sagartz et al., 1992), 

Tissues were stained with hematoxylin and eosin (H&E); duplicate 
slides of a representative section of the anterior nasal tissues, larynx, 
lung, and trachea were stained with periodic acid-Schiff/Alcian blue (PAS- 
AB) to facilitate evaluations of mucus-secreting cells. Tissues were read 
by an ACVP board-certified veterinary pathologist with knowledge of the 
exposure groups. 

Statistical Analyses 

Statistical evaluations were made using Bartlett's test of homogeneity 
of variance, followed by analysis-of-variance (ANOVA) techniques. The 
statistical evaluation of incidence and severity data for histopatholbgy 
was made by the Kolfnogorov-Smirnov test (Siegel, 1956). Statistical tests 
were carried out to 5%, two-sided criteria. 


RESULTS 

Inhalation Exposures 

The mean concentrations (±SD, n = 69) of wet total particulate mat¬ 
ter (WTPM) for the low-, medium-, and high-exposure groups, were 
0.105 ± 0.013, 1.01 ± 0.071, and 10.3 ± 0.691 mg/m\ respectively. Figure 
1 shows the within- and between-day variation in WTPM concentrations. 
These WTPM exposures resulted! in CO concentrations (ppm) of 2 3 ± 
0.59, 9.3 ± 1.87, and 55.1 ± 5.0. 

Nicotine concentrations (±SD> n » 14) at the medium andl high ex¬ 
posures were 272 ± 65 and 2377 ± 393 /Ag/m 3 . Although nicotine could 
be detected in the low-exposure chambers, the values were unexpect¬ 
edly low: the mean was 0.39 ± 0.19 /xg/m 3 . The values for 3- 
ethenylpyridine at the low, medium, and high exposures were 0.26 ± 
0.39, 39.0 ± 8.7, and 320 ± 40 ^g/m 3 : Solanesol concentrations (± SO, 
n - 14) in the low, medium, and high exposures were 1L9 ± 0.36> 22.9 ± 
414i and 192 ± 18 ^g/m J i respectively. 

None of the above analytes could be detected at significant concen- 
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Exposure Day 


FIGURE 1. Variation in dkily concentrations oi wet total particulate matter in aged and diluted 
sidestream smoke presented to experimental animals. Mean ± standard deviations. Targets were 
0.1, 1, and 10 mg/m 3 . 


tirations in the sham chamber or in the exposure room. In the exposure 
room, the mean CO, concentration (±SD, n = 15) was 401 ± 50 ppm; in 
the sham chamber the mean (±SD, n = 14): concentration was 1569 ± 
286 ppm. The mean concentrations (± SD, n =» 14) in the low, medium^ 
ana high chambers were 1430 ± 140, 1702 ± 382, and 1745 ± 257 ppm, 
respectively. 

Particle size distributions at the low, medium, andl high exposures 
were similar, with the average values (±SD, n = 14) being 0.32 ± 0.08, 
0143 ± 0.06, and 0.53 ± 0.03 urn, respectively. The standard geometric 
deviations were 1.94 ± 0.55, 1.59 ± 0.17, and 1.51 ± 0.11. 


In-Life Observations 

There were no exposure-related clinical signs or mortalities and the 
serology results were negative. Animals in the smoke-exposed groups 
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showedl body weights that were not different from those i:n the sham 
group (Fig. 2); at no point didlaniinnals lose weight (Fig. 3); 

Blood COHb concentrations at the end of the exposures were negli* 
gible in the sham andl Ibw-exposure groups. The means for the medium 
and high groups (± SD, n * 30) were 0.4 ± 0:4 and 4.9 ± 03%, respec¬ 
tively. 

The sham and low-exposure groups had plasma nicotine and 
cotinine concentrations at or below the limit of detection; The mean 
plasma nicotine for the mid- and high-exposure groups (±SD, n ~ 30) 
were 20.5 ± 5.1 and 62.8 ± 9.8 ng/mh respectively The mean cotinine 
concentrations (±SD, n —■ 29) were 26.6 ± 2.3 and 165 ± 41 ng/rmll 
respectively 

Necropsy Data 

The mean terminal body weight (±SD, n ~ 10) for sham: low, me¬ 
dium; and high exposures at the 4-day necropsy were 243 ± 10.9, 
254.9 ± 10.1, 243,5' ± 93, and 247.6 ±; 10.8 g, respectively The mean 
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FIGURE 2. Change in body wetght or animals exposed to aged and diluted sidestream smoke 
Means ± standard deviations 
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FIGURE 3. Rate or i changes in body weight'ini animals exposed to aged and diluted sidestream 
smoke. Means r srandard deviations. 

terminal body weight (±SD, n => '5-20) tor sham, low, medium* and 
high exposures at the 28-day necropsy were 433 ± 31.8, 428,6 ± 3315. 
447 ± 43.7, and! 441.4 ± 35.9 g, respectively. 

The mean terminal body weight (±50, n = 25) for sham, low, me¬ 
dium, and high exposures at the 90-day necropsy were 493.2' ± 3Bi1, 
519.3 ± 41.3, 545.9 ± 58.5, and 508.4 ± 42.8 g, respectively. The mean 
value for the medium exposure group was 10% greater than that for the 
sham (p < .01), and 5% (p < .05) and!7% (p < .01) higher than the means 
for the low and high groups, respectively. At the reversibility necropsy, 
the means. (:± SID, n = 12-21) were 738.7 ± 81.9, 712.6 ± 68.9, 734.2 ± 
87.9, and 704L7 ± 106.7 g tor the sham, low, mid, and high groups, re¬ 
spectively. There were no significant group differences at the reversibility 
necropsy 

There were no significant differences between the groups for any 
clinical pathology parameters at any of the necropsies. 

There were no exposure-related gross observations at any of the ne¬ 
cropsies) nor were there any differences in organ weights. 
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HistopatholOgy 

fn the nasal I section (transverse, immediately caudal! to the incisor 
teeth, Fig. 4), there was minimal to mild! epithelial hyperplasia, in the 
high-exposure group only. In this change, there was hypercellularity and 
thickening of the respiratory epithelium of the dorsal nasal conchae (na- 
soturbinates: Figs. 5 and 6) and the adjacent wail of the middlb meatus. 
Figures 7-9 show the distributions ofi the different severities of this 
change at the 4-, 28-, and 90-day necropsies, respectively. At each of these 
necropsies the distribution of the change in the high-exposure group 
was significantly different from that in the other groups; no such effect 
was noted at the low or medium exposures; 

There were no other histopathological changes noted in animals 
killed! at any of the necropsies, nor were any changes noted in the ani¬ 
mals killed at the reversibility necropsy (i.e;, the minimal changes notedi 
at the endlof the exposure were totally reversible). 

. The above results were made by a pathologist (JVVS) with knowledge 
of the exposure group. The slides and scores from these readings were 
reviewed bv a second pathologist (Dr. D. L. Dungworth): without knowl¬ 
edge of the exposure. 

Because of the very' similar incidences and severities seen in the high- 
exposure groups at the 4-, 28-, and 90-day necropsies, and because these 
latter results were also similar to those noted in the earlier 14-dav study 
(Coggins et all, 1992), "blind" rereads on a combined set of slides ror the 
highfexposure group only were performed: In tihe blind rereads,, the pa¬ 
thologists (operating independently) thus had knowledge of the expo¬ 
sure group, but not of the duration of the exposure. Only the male ani¬ 
mate were used from the 14-day study, mixed with the;4-, 28-, and 90-dav 
slides of the present study. The unmixed data from one or the patholo¬ 
gists (JVVS) are presented as Fig. 10: there were similar responses at each 
of the time points:, indicating no progression ofi the hyperplasia with 
continued exposure. 

DISCUSSION 

The: inhalation! data presented here show thati the target concentra¬ 
tions were met and that the aerosols presented to the animals were res¬ 
pirable by them. As in the earlier work (Coggins et all, 1992), we have no 
explanation for the low concentrations of both nicotine and 3- 
etihenylpyridine in the low chamber although concentrations were 
above those noted in the sham chamber. Inhalation of presented aero¬ 
sols was; confirmed in the medium and high groups through blood 
COHb and plasma nicotine and cotinine measurements. Consequently, 
comparisons can validly be made of the histopathologicaii changes in the 
different groups. The three biological markers of dosimetry could not 
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FIGURE 4 Low-power view of,a transverse section of the rat nasal passages, immediately caudal 
to the incisor teeth. The arrow marks the position oh the change shown m F.gs. a and 6. H&E. 
original magnification x45: 
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FIGURE 5: High-power view ot the tip or a nasali concha inasoturbinaje! trom a typical sham+ 
exposed rati Tihe epithelium is 2-3 cell layers thick, H&E; original magnification x SOO. 


confirm exposure in the low groups where ADSS concentrations were 
considered to be at or near "real-world" (Guerin et ah, 1992). It is thus 
very unlikely that these markers could be considered as being accept¬ 
able for characterizing human exposures to ETS. 

The increased terminal body weights in the medium exposure group 
at the 90-day necropsy are considered to be a statistical anomaly and are 
not considered to be biologically significant!. 

The histopathology results obtained here at 90 days aire: in agreement 
with earlier work (von Meverinck et al., 1989), where only a. single con¬ 
centration of ADSS was used (4 mg/m 1 ) for 13 weeks at 10 hir/day Initihe 
earlier work, the maini histopathological change noted was also in the 
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FIGURE 6. High-power view or the tip or a nasal concha: (nasotunbinate) from a typical 1 high- 
exposure rat The epithelium is 5-6 cell layers thick (epithelial hyperplasialJ.H&E, original magnifi¬ 
cation x 500. 
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% OF ANIMALS 



NONE MIN. MILD MOD. MKD. SEV. 

SEVERITY 

S3 Sham Slow' 83 Mid ■ High 

FIGURE 7. Distribution of epithelial hyperplasia in the rostral nasoturbinates at the 4-day ne¬ 
cropsy of animals exposed to aged and diluted sidestream smoke. MIN, minimal change; MILD, 
mild change; MOD, moderate change; MKD, marked change; SEV, severe change. 


% OF ANIMALS 



NONE MIN. MILD MOD. MKD. SEV. 


SEVERITY 

23Sham S3 Low §1 Mid ■ High 

FIGURE 8. Distribution of epithelial hyperplasia in the rostral nasoturbinates at the 28-day ne¬ 
cropsy of animals exposed to aged and diluted sidestream smoke. Abbreviations as in Fig- 7. 
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£2 Sham S Low ^ Mid B High 

FIGURE 9. Distribution! of epithelial Hyperplasia in the rostral nasoturbinates at the 90-day ne¬ 
cropsy of animals exposed to aged and diluted sidestream smoke. Abbreviations as in Fig. 7. 
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Way ne- 


S3 4 Days S14 Days IS 28 Days B 90 Days 

FIGURE 10- Distrrbution or epithelial hyperplasia in the rostral nasoturbinates in the high- 
exposure groups at the.4+, 2&, 14-, and 90-day necropsies of animals exposed to aged and diluted 
sidbstream smoke. Abbreviations as imFig. 7; 
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rostral nasal cavity or both rats and hamsters—a change that appears 
morphologically to be very similar to' that noted in the highrexposure 
group in the present study. The results presented here at 4, 28, and 90 ~ 

days of exposure are similar and are also in agreement with the data 
presented in a 14-day study using the same concentrations and daily 
durations (Coggins et all, 1992). This finding suggests a complete lack of 
progression of the histopathology change with continued exposure. Im 
this and the Coggins et al. (1992) study the histopathology changes noted 
were completely reversible once the exposures had been stopped. For 
these reasons, the epithelial hyperplhsia in the nasoturbinates is consid¬ 
ered to be an adaptive and reactive response to repeated irritation. 

The exposure levels used in this study were carefully chosen with 
respect to typical concentrations in real-lire environments. The low expo¬ 
sure used is typical of exposure concentrations of particulate matter in 
public places where smoking is allowedNvithout restriction, although the 
contribution of tobacco smoke to such exposures has been shown to be 
Ifess than 50% (Guerin et al., 1992). In the present work, the contribution 
of tobacco smoke to the aerosol 1 presented' to the animals was clearly 
100%. The exaggerations or field values should then in realitv be 2 : , 20-,. 
and 200-fold rather than 1-, 10-, and 100-fold, Results or a recent survey 
(Turner et al., 1992) showed an overall meani value of 46 ^g/mf for respir¬ 
able suspended particulktes in areas where smoking was allowed, sug¬ 
gesting that the figure of 200 for the exaggeration of field exposures may 
be an underestimate. 

The results again show only a minimal effect of exposure to very high; 
concentrations of ADSS, the only effect being the completely reversible 
and nonprogressive changes seen in the rostral nasali cavity at the high 
exposure only. Evemwith the extended durations (5 times those of the 14- 
dav study) no changes;were reported in any organ.other than, the rostral 
nasal cavity and even here the change was described as being verv mild. 

Mo histopathologicali findings of any kind were noted at the medium or 
Ibw exposures. Since the concentrations of smoke usedl were gross exag¬ 
gerations (at least 100-fold) of any reasonable field situation for ETS 
(Guerin et al., 1992), we conclude that ETS is unlikely tb have any signifi¬ 
cant toxicological activity in humans. The NOEL fbr the 90-dav study 
based again on nasal histopatholbgy, is at least T mg/m.. 
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Ninety-Day Inhalation Study in Rats, Using Aged and Di¬ 
luted Sidestream Sinoke from a Reference Cigarette: DNA Ad¬ 
ducts and Alveolar Macrophage Cytogenetics, Lee, C. K., 
Brown, B. G , Reed, E. A., Coggins, C. R E., Doolittle, 
D. J., and Hayes, A. W. (1993). Fundam. Appi Toxicol. 20, 
393-401. 

To study the genotoxic effects of subchronic exposure to envi¬ 
ronmental tobacco smoke, Sprague-Dawley rats were exposed 
to 0, OJi 1.0, and 10 mg total particulate matter (TPM)/m 3 of 
aged and diluted sidestream smoke (ADSS) from 1R4F refer¬ 
ence cigarettes 6 hr per dhy* 5 days a week for 13 weeks. DNA 
from lung, heart, larynx, bladder, and liver was tested for adduct 
formation by the 32 P-postlabeling assay after 28 (except blad- 
der) and 90 days of exposure and 90 days after cessation of 
exposure. In addition, alVeolar macrophages from animals ex¬ 
posed for 28 or 90 days were examined for chromosomal aberra¬ 
tions. Exposure-related DNA adducts were not observed in any 
tissue in any of the animals exposed to 0.1 or 1.0 mg TPM/m 3 . 
However, increased levels of DNA adducts with diagonal radio¬ 
active zones were observed in lfing, heart; and larynx DNA of 
animal^ exposed I to the highest concentration of ADSS (10 mg 
TPM/m 3 ). Adduct analyses with varying amounts of DNA from 
lungs of mid- and high-exposure animals clearly indicate that 
the dose-response for DNA adduct formation is nonlinear. The 
adduct levels were highest after 90 dhys of exposure and were 
significantly reduced in all target tissues 90 days after cessation 
of exposure. Chromosomal aberrations in alveolar macro¬ 
phages were not elevated in any group after 28 or 90 days of 
exposure. These results indicate a no-observedieffect-level 
(NOEL) of at least 11.0 mg/m? for DNA addtict formation in 
King, heart, and larynx, and a NOEL of at least 10 mg/m 3 for the 
induction of chromosome aberrations in alveolar macrophages, 
under the conditions of this study. © iw) society of Toxicology. 


The potential health consequences of exposure to envi¬ 
ronmental tobacco smoke (ETS) are complex issues which 
concern both scientists and the general public (Department' 
of Health and Human Services, 1986; National Research 
Council, 1986). Epidemiological studies intended to ad¬ 


dress the effects of exposure to ETS have reported both 
positive and negative associations between lung cancer and 
exposure to ETS (Department of Health and Human Ser^ 
vices, 1986; Layardi 1986). Several in vitro studies con¬ 
ducted on highly concentrated extracts of ETS have re¬ 
ported positive results, indicating that it is genotoxic under 
these study conditions (Claxton era/., 1989; Lewtas et ai, 
1987; Ling et ai, 1987; Lofroth el ai, 1988; Lofroth and 
Lazardis, 1986). However, the results of these in vitro stud¬ 
ies are of limited valtie for the evaluation of the effects of 
exposure to ambient concentrations of ETS. Genotoxic ef¬ 
fects of exposure to ETS can be best determined by com 
trolled experiments in which animals are exposed to known 
concentrations of ETS followed by measurementi of sensif 
tive biological markers for genotoxic damage. 

ETS consists of agedl and diluted sidestream smoke 
(ADSS, 85%) mixed withiaged and diluted exhaled main¬ 
stream smoke (15%). Studies (Guerin el ai. 1992: Turner el 
ai, 1992) have shown that the concentration of respirable 
suspended particles (RSP) in offices and restaurants where 
smoking is unrestricted is approximately 0.1 mg/m 3 , rarely 
exceeding a concentration of 0.3 mg/m 3 . Less than 50% of 
the RSP originated from cigarette smoking (Guerin et ai, 
11992), However, studies on the biological responses to ciga¬ 
rette smoke exposure at or near these concentrations are 
scarce (von Myerinck et ai., 11989). Ih our previous study 
(Lee et ai, 1992), rats were exposed to ADSS as a surrogate 
for ETS for 114 consecutive days. No increase in DNA ad¬ 
ducts was observed in animals exposed to ambient (0.1 mg/ 
m 3 ) and 10-fold exaggerations ( I mg/m 3 ) of ETS. Adducts 
were increased in lung and heart but only at 10 mg/m 3 , the 
100-fold exaggerated! level of the ambient ETS concentra¬ 
tion. Cytogenetic analysis in pulmonary’ alveolar macro¬ 
phages was completely negative at all ADSS concentrations 
(Lee et ai, 1992). 

In the present study, we have significantly extended both 
the length of the ADSS exposure and the length of the post¬ 
exposure recovery period. Rats were exposed to ADSS at 
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concentrations of 0.1, 1.0, and 10 mg/m 3 for 90 days fol¬ 
lowed by 90 days of recovery. Two sensitive biological 
markers for genotbxicity, chromosomallaberrations in pul¬ 
monary alveolar macrophages (PAM) and DMA addticl 
formation in major target and nontarget organs, were ana¬ 
lyzed after 28 and 90 days an' : after the recovery period: 
The results of the 90 i day, sUn.y confirm the existence of a 
no-observed-ef!ecl-ievel!(NOEL)!of at least 11.0 mg/m 3 for. 
DNA adduct formation and a NOEL of at least 10 mg/m 3 
for the induction of chromosomal aberration in PAMs even 
in the extended exposure duration of90 days. 

MATERIALS AND METHODS 

Materials. Calf spleen phosphodiesterase (2 U/mg)was obtained from 
Boehringer-Mannheim (Indianapolis, IN). Micrococcal nuclease (100- 
200 U/mg) and nuclEasePl (255 U/mg) were from Sigma (St. Louis, MO). 
T 4 polynucleotide kinase was from GIBCO-BRL (Gaithersburg, MD), and 
[^ 32 P]ATP (3000 Ci/mmol) was from New England Nuclear (Wilming¬ 
ton, DE). Polyethyleneimine cellulose (PELcellulose) coated thin-layer 
chromatographic (TLC) sheets (Machery Nagel) were purchased from 
Brinkmann Scientific (Westbury. NY). The 1R4F reference cigarettes (0.8 
mgnicotineand 11.5 mg tar per cigarette) were obtained from the Tobacco 
and Health Research Institute, Lexington, KY! 

Experimental animals . Details on experimental ianimals have been re¬ 
ported elsewhere (Coggins et at, 1993). Briefly, 5-week-old I male 
Sprague-Dawley rats (Charles River, Raleigh^ NC) were acclimated for 2 
weeks prior to exposure in 2-M 3 stainless steel I inhalation chambers. The 
animal Iroomshad controlled lighting (12!hr dark and 12 hr light), tempera¬ 
ture (20-24°C), and humidity (40-60% relative humidity): Animals were 
allowed unrestricted access to feed (Purina Rodent Chow 5002) and dis¬ 
tilled water, except during the smoke exposures. The animals were housed 
and cared for in accordance with the Annual Welfare Act of: 1970 and 
amendments (Public Law 91-579), as set forth in CFR Title 9, Part 3 
Subpart F 

Smoke generation and exposure conditions. Smoke generation and Ex¬ 
posure conditions have been described previously (Coggins el a!.. 1993). 
Briefly, smoke was generated from 1R4F research cigarettes with a:30-port 
AM ESA generator (CH Technologies, Westwood, Nl.) fitted with an alumi¬ 
num cone for collection of sidtstream smoke; Cigarettes were smoked 
according to the Federal Trade Commission method (a 35-ml puff ofi2 sec 
duration, once per minute) except: that i: lead of a fixed butt length, a 
fixed number of puffs (7); was taken (Baumgartner and Coggins, 19,80; 
Ayres et ah, 1990), Mainstream smoke was exhausted and discarded and 
the sidestream smoke was drawn into a common plenum. Different 
amounts of aged and diluted sidestream smoke were provided for each 
chamber and mixed with dilution air dtawn from the animal I room 
through HEPA filters. Target concentrations for suspended!particulates 
were 0, 0. II, L and 10 mg/m 5 . Exposures were for 6 hr per day, 5 days a 
week for 13 weeks (total of 65 exposures). Dermal absorption and'oral 
ingestion of particulates after preening were minimized by the use of nose- 
only restraintitubes inside the chambers. 

Experimental design . Rats were divided into four exposure groups: 
sham, low (0.1 mg TPM/m 3 ), medium (1.0 mg TPM/m 3 ). and high (10.0 
mg TPM/m 3 ) exposures. For DNA adduct analysis, each group contained 
115 male animals. Five animals in each group were killed after 28 and 90 
days of exposure for DNA adduct'analysis^ The remaining 5 animals in 
each group were kept for a furthen90 d&ys without smoke exposure for the 
reversibility study,. For chromosomal aberrations in RAM. 5 animals in 
each exposure group were killed after 28 and 90days of exposure. No 
reversibility study was conducted I for chromosomal aberrations in PAM. 


DNA isolation. DNA was isolated and purifted as described Ipreviously 
(Lee el at. 1992), Briefly* whole lung, heart, liver, larynx; and bladder 
samples were homogenized! centrifuged, and the supernatant extracts dis¬ 
carded! Pellets were resuspended and DNA was isolated on a Genepure 
3.41! nucleic acid purification system (Applied Btosystcm, Inc . Foster City. 
CA) by solvent extraction and enzymatic digestion of protein and RNA. 
The DNA concentration was estimated spectrophotometrically prior to 
analysis( 1 = 50 Mg DN A/,m I), Absorbance ratios (260/280) of all DNA 

samples ranged from: 1.6 to 11.8. 

i2 P-postlabeling assay. Five micrograms of DNA was digested to 3'- 
nucleotides by incubation at 37°C for 3.5 hr in a total volume of 10 ^1 
containing 0.6 U of micrococcal nuclease and 5.0 ^xg of spleen phospho¬ 
diesterase. Adducted nucleotides were enriched’by the nuclease Pi proce¬ 
dure (Reddy,and Randerathj 1986) or by butanol extraction (Gupta, 1985) 
and samples were then [5^ 32 P]phosphorylated at 37°C using 75 j<Ci of 
(y- w P]ATP with a specific activity of ~3000 Ci/mmol and 4.5 U of T 4 
polynucleotide kinase (Lee et at, 1992): ATP excess was confirmed by 
one-dimensional separation of normal nucleotides from unreacted 
[“PJATP in PEI-cellulose TLC using 0.28 M ammonium phosphate/0.05 
M sodium phosphate, pH 6:6. Resolution of the 32 P-labeled addiicts was 
carried out as previously described (Gupta et at. 1982) with 4 pg of DNA 
applied on PEI-cellulose TLC sheets using the following solvents: Dl, 1,0 
M sodium phosphate, pH 6.0 (overnight onto a wick); D3, 5.3 m lithium 
formate, 8:5 m urea, pH 3.5; D4, 1.2 Milithium chloride, 8.5 m urea; 0.5 M 
Tris base, pHi8.0 (onto a wick); D5, 1.7 m sodium phosphate, pH 6.0 
(overnight onto a wick), 

Quantification of DNA adducts. The specific activity of each batch of 
[ J2 P)ATP was determined by measuring the kinase-catalyzed incorpora¬ 
tion of radioactivity into 10 pmol of 2'-deoxyade nosine 3-monophosphate 
(dAp) (Reddy and Randerath, 1986). Values of specific activity fell within 
the range of 1.5 to 2 5 X 10 6 cpm/pmol. TLC plates were wrapped in Mylar 
plastic and scanned for 8 hr using the AMBIS radioanalytic imaging sys¬ 
tem (AMBIS Systems, Inc:, San Diego, CA) under an argon atmosphere. 
The counting efficiency averaged approximately 20%; a 3:2 X 3j2-mm 
resolution plate was used. The use of the AMBIS radioanalytic imaging 
system in two-dimensional TLC and in 3: P-postlabeling assay of DNA 
adducts has been previously reported (Hook e/ ai, 1990; Turteltaub et at. 
1990; Lee et at. 1992). The adduct maps comparing the conventional 
autoradiography and AMBIS scanning are shown in Fig. 1. Relative ad¬ 
duct labeling (RAL) values;were calculated by 

^ ^_ cpm in adduct nucleotides _ 

sp act (ATP) x pmol dNp applied to TLC 

In vitro modification of DNA with cigarette smoke condensate 
(CSC). In order:to prepare the DNA-CSC adduottoibe used as a positive 
control, 1 mg ofilung DNA isolated from Sprague-Dawley rats was treated 
with 5 mg (in SfiQ'pl ofl DMSO) of CSC from Kentucky Reference 1R4F 
cigarettes inithe presence of an S9 metabolic activation system (Ames et 
al:. 1975). TheS9 concentration was 5% (v/v) and 5.0 ml of the S9 mix was 
added to the reaction tube. The reaction mixture was incubated for 5 hr at 
37°C. DNA was extracted with.the ABI Genepure Extractor: 

In vivo modification of DNA with benzo\a\pyrene (B[a\P). Female 
B6C3F1 mice were given a single ip dose of 40 or 60 mg/kg ofB{a]P inO.l 
mllofDMSG/corn oil (50/50; v/v), Livers were collected 43 hr after Bla]P 
administration. DNA was extracted by the Genepure Extractor and used' 
as a source of standard DNA-B[a]P adducts 

Pulmonary alveolar macrophage isolation and analysis of chromosomal 
aberration. Designated animals were injected ip with colchicine (6 mg/ 
kg, 12 mg colchicine/ml Hank’s balanced salt solution (HBSS)lstock solu¬ 
tion) at the end of the 28- and 90klay time points ini the study, Four hours 
later animals were killed by asphyxiation with 70% carbon dioxidfe (C0 2 ) 
and the tracheas were cannulated with. I4G iv catheters. The lungs and 
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FIGi 1. TLC maps of B(a)P-DNA and CSC-DNA adducts developed 
by AMBIS scanning and autoradiography. B(a)P-DNA adducts (A, B) 
were prepared from liver of B6C3FI mouse injected ip with 40 mg/kg of 
B(a)P and assayed by PI nuclease enhancement. CSC-DNA adducts (C, 
D) were prepared in vitro as described under Materials and Methods. The 
adduct assays were done with 1L6:/ig of B(a)P-modified DNA and 4 of 
CSC-modified DNA. TLCs were scanned 2 and 10 hr with AMBIS 
radioanalytie imaging system for B<a)P-DNA (A) andCSC-DNA (C), 
respectively. For autoradiography, Kodak XAR-5 diagnostic films were 
exposed for 7 and 24 hn for B(a)P-DNA (B) and CSC-DNA (D). respec¬ 
tively, at -80°C 


heant were removed and placed in ice-cold HBSS (Ca 2+ and Mg ?+ free) for 
30 min. The lungs were lavaged and massaged repeatedly using a 10-niIi 
syringe filled with 7 ml of ice-cold IMB5S The lavage fluid was collected lin 
a 50-mIicentrifuge tube on .ice. The lavage fluid was centrifuged land the 
supernatant fluid drawn off The pellet was resuspended in prewarmed 
(37'®C)'. 75. mM KC1 and I incubated at 37°C fbr 25. min One milliliter of 
modified Carnoy’s (6:1 absolute metHanol/glbcial acetic acid, v/v) was 
added to the tubes before centrifugation. Aftercentrifugation the cells were 
fixed first with modified Carnoy’s and then three more times with'Carnoy’s 
fixative (3:1). Mfetaphase spreads were prepared. Slides were then stained 
for 5 min with Giemsa diluted to 1:20. Fifty metaphases for each animal 
were scored for chromosome aberrations. Scoring was done withoutiknowl- 
edge of treatment group. 

Statistical analysis. For DNA adduct data. Levene’s test for equality 
of variance was conducted. Since unequal variances were found I data were 
log-transformed. Statistical significance:^ < 0.05) was evaluated bv analyr 
sis of variance followed by pairwise student’s r tests with BonferroniiadjusU 
ment; Fisher’s exact'test was used to determine the level of statistical signifi¬ 
cance for chromosomal aberration dataj 


RESULTS 


Inhalation of the ADSS by the rats was confirmed by 
measurement of blbod carboxyhemoglbbin and plasma nic- 
otine/cotinine (Coggins et al :, 1993), No overt signs oftoxic- 


ity were observed and no significant body weight differ¬ 
ences were noted between any of the exposed groups and 
the sham controls. All lungs, including the:ones from the 
higli-exposure group: appeared normal I at necropsy. The 
onl^ histopathological changes observed I were irnld hyper¬ 
plasia of the epitheliumiof the nasotuirbinates, in one sec¬ 
tion of the nose, in the high-exposure group only These 
histopatholbgica!! changes did not progress with iincrcascdl 
exposure and they were reversed after cessation: of ADSS' 
exposure (Coggins etal, 1992, 1993), 

After 28 days of exposure, adduct fevels in all the organs 
tested (king, heart, larynx, liver) in animals from low- and 
medium-exposure groups were simil&r to those of sham 
control animals (adduct maps not shown). A few discrete 
adduct spots, thought to represent endogenous DNA ad¬ 
ducts, were visible in both groups and the sham controls. 
Significantly elevated fevels of DNA adducts (Fig. 4) were 
observed in lung, heart, and larynx DNA of animals from 
the high+exposure group (10 mg/m 3 ). 32 P maps (not shown) 
ofthese DNA sampfes exhibited a few discrete adduct spots, 
more intense than found in the sham and low- and me¬ 
dium-exposure groups, and diffuse diagonal radioactive 
zones (DRZ) extending from close to the origin to the mid¬ 
dle right-hand margin of the TLC sheet. The DRZ, presum¬ 
ably consisting of numerous incompletely resolved DNA 
adducts, appears to be characteristic of DNA adducts ob¬ 
served after tobacco smoke exposure (Randerath et al:, 
1988). DRZs were observed in the adduct maps of CSC- 
DNA adduct prepared in vitro but not in the 
benzo(rt]pyrene-DNA adduct as shown in Fig. 1. 

After 90 days of exposure, the same organs cited above, 
as well as bladder, were examined for DNA adducts. Again, 
alllorgans from the low- and medium-exposure groups had 
levels of DNA adducts which were not' visually or statisti¬ 
cally different from those of sham: controls:, Doubling the 
amount of DM A used for TLC development to 8jug did not 
produce any exposu regelated adducts (i.e., a DRZ) in the 
low-and medium-exposure groups (data not shown). Lung, 
heart, and larynx DMA from the high-exposure group exhib¬ 
ited elevated levels of DNA adducts with DRZ and a few 
discrete spots. Some of the discrete spots appeared in all 
exposure and sham groups. The RAL values of total adf 
ducts were higher thamthose in the same organs at 28 days. 
The liver and bladder DNA, however, remained negative 
even at the high exposure. Representative adduct maps of 
lung, heart, and larynx tissues from 90-day necropsies are 
shown in Fig. 2. The scanning time for these sampfes was 8 
hr. Increasing scanning times to as long as 30 hr did not' 
reveal any additional adducts (data not shown), lin addition 
to the PI nuclease method for adduct enrichment, butanol 
extraction was also used for both lung and heart DNA from 
the 90-day samples. The results (data not shown) were simi¬ 
lar. The butanol method did not reveal I any adduct; spots or 
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FIG. 2. DNA adduct maps of lung, heart, and larynx tissues of Sprague-Dawley rats exposed to aged land diluted sidestream smoke for 13 weeks. 
DNA adducts were analyzed using a PI nuclease version of the i2 P-postlabeling assay,. 4 of DNA were applied on PEIJ-cellulose TLC for adduct 
development TLCs were scanned for 8 hr with AMBIS radioanalvtic imaging system. 


DRZs which were absent inithe nuclease PI method. Sev¬ 
eral TLC plates were also scanned ■ ,ing a Phosphor!mager 
instrument (Molecular Dynamics, Sunnyvale, CA) for up 
to 16 hr. The images developed (hot shown) were identical 
to those obtained using the Ambis after 8 hr of scanning. 
The absence of discernible DRZs and statistically nonsig¬ 
nificant levels of total adduct level ini the medium- and 
low-exposure animals could be due to a limit in sensitivity 
of the 32 P-postlabeling assay. To test this possibility, ^O^-day 


lung DNA samples from the high-exposure group were 
postlkbeledland an aliquot representing 0.4! ^g of DNA was 
spotted 1 on TLC for adduct resolution. As shown in Fig. 3, 
the adduct maps of the high-exposure grou p obtained with 
0:4 fig of DNA clearly demonstrated the presence of DRZs 
andlother discrete spots. These results coupled with the ab¬ 
sence of DRZs in the 4- and8-^g samples of DNA from the 
medium-exposure animals effectively rule out the possibil¬ 
ity that the absence of DRZs in the medium-exposure ani- 
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FIG. 3; DNA adduct maps of lung tissues from the high- (A, B) and 
the :medium-{C. D) exposure groups as analyzed with 0.4 and 4/ig of DNA 
samples, respectively* on TLC. A Pli nuclease version of 52 P-postlabeling 
assay was employed. The TLCs were scanned for 8 (A, C) and 60 hr(B, D) 
with AM BIS. Note the presence of DRZs in the high-exposure group (A. 
B), but no corresponding DRZs in the medium-exposure group. 


mals is dke to the lack of sensitivity of the assay. These data 
clearly indicate thati the dose-response for DNA adduct for¬ 
mation is nonlinear at ADSS concentrations between 1.0 
and 10 mg/m 3 . 

Adduct assays from animals examined 90 days after ces¬ 
sation of ADSS exposure exhibited significant decreases in 
total adduct levels compared to those before the cessation 
in the high-exposure group. The RAL values of all the tissue 
samples (lung, heart, larynx, liver, and bladder) at 28-, 90-. 
and 180-day necropsies are presented in Fig. 4. It is clear 
from these results that DNA adducts in low- and medium- 
exposure groups did not increase with increased duration of 
exposure; the adducts in lung, heart, and larynx DNA of the 
hightexposure group exhibited the highest RAL values after 
90 days of exposure and then decreased after cessation of 
ADSS exposure. 

The results of the chromosomal aberration assay in PAM 
after 28 and 90 days of exposure are presented in Tablfi I. 
Frequencies of cells with aberrations iim all three ADSS-ex* 
posed groups are minimal and not different from those of 
the sham control!in both 28- and 90-dav samples. Aberra¬ 
tions were mostly chromatid-type rather than chromo¬ 
some-type in all (samples. Animals injected (with the positive 
control, cyclophosphamide, exhibitedia statistically signifi¬ 
cant increase in chromosomally aberrant cells. 


DISCUSSION 

In the present study; ADSS was used as a surrogate for 
FTSand animals were exposed subchronicailly to three con¬ 
centrations (0:1!, 1.0, and 10 mg total particulate im a iter 
(TPM)/m\) of ADSS, representing ambient. IKLfold. and 
100-fold exaggerated concentrations of the particulate mat¬ 
te r normal I y fou nd i n i ndoor environmeats whe re s m o k in g 
is occurring (Guerini et at. 1992). When the fact that to* 
bacco smoke accounts for less than 50% of RSP in indoor 
air (Guerin ,etai, 1992) is considered, the ADSS concentra¬ 
tions in our study in reality represent 2-, 20-, and 200-fold 
exaggerations of field values. To evaluate the genotoxic ef¬ 
fects of exposure, we chose two sensitive and relevant bio¬ 
markers of genotoxicity, chromosomal! aberrations in pul¬ 
monary alveolar macrophages and DNA adducts in major 
internal organs as measured by the 32 P-postlabeling assay. 

The 32 P-postlabeling assay has the advantage of high sen¬ 
sitivity (1 adduct in 10 9 ’ 10 nucleotides) as well as not requir¬ 
ing knowledge of the chemical identity of the adducts. 
Therefore, if is suitable for the study of molecular dosime¬ 
try of covalent DNA binding at lbw concentrations of com¬ 
plex mixtures such as ETS. A dose-response relationship 
between the DNA adduct levels in the target tissues and! 
application doses of a series of complex mixtures has been 
reported (Gallagher et al:, 1990; Jahnke et al, 1990). The 
presence of DNA adducts in smokers has been reported, 
with significantly reduced levels in exsmokers and non- 
smokers (Phillips et at, 1988; Randerath et at, 1989; Cu- 
zick et al., 1990; Phillips et at, 1990; Geneste et at, 11991). 
In rodents, adduct formation has been reported in lungs 
and other respiratory tissues (Bond el at, 1989: Gupta et 
at, 1989; Gairola and Gupta, 11991; Reddy and Randerath. 

1990) following cigarette smoke exposure. 

The discrete DNA addiicts detected in the lbw- and me¬ 
dium-exposure groups: were qualitatively and quantita¬ 
tively similar to those observed in the sham group. Al¬ 
though the identity, of these discrete adduct spots seen in all 
the tissue samples is unknown, they are also present in the 
high-exposure group. The adduct maps of tissues after ex¬ 
posure to cigarette smoke or other complex mixtures have 
been shown to include DRZs in addition to these discrete 
spots. Because of its unique appearance, a DRZ may serve 
as a “fingerprint” for exposure to cigarette smoke. Clearly 
visible DRZs were observed in select organs (lung, heart, 
and! larynx) of the high-exposure group only. The discrete 
spots also increased in their intensity imithe highrexposure 
group, indicating that exposure to ADSS at above 10 mg 
TPM/m 3 accelerated the preexisting DNA lfisions in the rat 
tissues. Such observations were reported in other smoke 
exposure studies (Gupta et at, 1989: Gairola and Gupta. 

1991) ; Statistical analysis of the RAL valhes confirmed that 
there were more total DNA adducts present in several! or¬ 
gans of the high-exposure group compared to those in the 
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FIG. 4. Time course of adduct formation in the indicated tissues of Sprague-Dawley rats exposed to aged and diluted sidestream smoke. Adducts 
were determined after 28 (except bladder) and 90 days of ADSS exposure and 90 days aftercessation of exposure (It 80 days). Arrows in the figures indicate 
90 days, when the ADSS exposure ended. DNA adducts were analyzed by the PI nuclease version of M P-postlabeling assay. Mean RAL valiies were 
determined from five animals in each exposure group. The error bars indicate SEM. —A— high; —■— medium, —— low, — sham. 


sham and low- and medium-exposure groups. These results 
were confirmed using both P I nuclease and butanol extrac¬ 
tion methods for adduct enrichment. Bladder and liver did 
not show ADSS-relkted adducts even in the high-exposure 
group. Sprague-Dawley rats exposed to high concentra¬ 


tions of mainstream cigarette smoke for 32 weeks exhibited 
DNA adducts in lung, heart, trachea, and larynx, but not in 
bladder and liver (Gairola and Gupta, 1991), qualitatively 
matching our results with ADSS. 

In studies of both humans and laboratory animals, DNA 
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TABLE I 


Chromosome Aberration in Pulmonary Alveolar Macro¬ 
phages of Rats Exposed to Aged and Diluted Sidestream Smoke 
for 28 or 90 Days 


Exposure groups 

Number ofi 
animals 

Number 
of cells 
analyzed 

Percentage 
cells with 
aberration 

28 days 

Sham (room air) 

5 

250 

3.2 

Low (0.1 mg/mb 

5 

250 

2.8 

Medium (1.0 mg/m 3 ) 

5 

250 

2.0 

High (10.0 mg/m 3 ) 

5 

250 

4.0 

90 days 

Sham (room air) 

5 

250 

1.2 

Low (0.1 mg/m 3 ) 

4* 

172 

0.6 

Medium (1.0 mg/m 3 ) 

5 

250 

0.8 

High (10.0 mg/m 3 ) 

5 

227 

118 

CP 6 (10 mg/kg) 

2 

89 

13.5* 

Saline (0.5 mg/kg) 

3 

150 

0.7 


a Cell preparation from one animal was lost. 
b CP, cyclophosphamide (positive control). 

* Significantly greater (p < 0.05) than sham control by Fisher’s exact 
test. 


adducts have been reported to decrease and eventually dis¬ 
appear upon cessation i of exposure to genotoxic agents. 
DNA adducts in rats exposed to diesel exhaust were re¬ 
duced 4 weeks after the cessation of exposure (Bond et at. P 
1990). Lung DNA adducts from cigarette smoke-exposed 
rats were significantly reditced 19 weeks after cessation of 
exposure (Gupta et aL, 1989). In the present study, similar 
results were observed in that there was a significant decrease 
in RAIL values in the target tissues 90 days after the cessa¬ 
tion of exposure. 

Most in v/Yro studies with concentrated cigarette smoke 
condensate have reported positive results in chromosome 
aberrations and sister chromatidl exchange assays. In vivo 
studies with rodents have frequently employed bone 
marrow cells or lymphocytes to evaluate the clastogenic ef¬ 
fects of cigarette smoke exposure by inhalation. In these 
studies, the evidence of clastogenicity of cigarette smoke 
exposure in these ceil types has not been conclusive. Both 
positive (Balansky et aL, 1987, 1988; Putman et aL, 1985; 
Benedict et ai, 1984) and negative (Coggins et ai., 1990; 
Lee et at, 1990; Basler, 1982; Korte et at, 1981) results 
were reported. Recently, Rithidech et aL, (1989) exposed 
rats to approximately 100 to 200 mg TPM/m 3 for 6 hr/day> 
5 days/week for 22 to 24 days and reported a significant 
increase in the frequencies of chromosomal aberration in 
the pulmonary alveolar macrophages of exposed animals. It 
appears that these cells, which are collected in the respira¬ 
tory tract; are more sensitive to cigarette smoke or airborne 
chemicals because they represent direct target tissues in in¬ 
halation. The negative results in our study indicate the con¬ 


centrations of ADSS tested were insufficient to induce chro¬ 
mosomal damage in these cells. 

Determination of the shape of the dose-response curve 
in. the tow-dose region is a difficult and often unresolved 
task in toxicology and risk assessment. It has often been 
estimated by linear extrapolation of the effects from high- 
dose animals (Lutz, 1990). In the previous 14-day ADSS 
study (Lee et aL, 1992), we observed faint but unmistakable 
DRZs in the lung DNA of the high-exposure group (10 mg 
TPM/m?) after 7 consecutive days of exposure. The ani¬ 
mals in the current study were exposed 5 days a week for 113 
weeks for a net total exposure of 65 days. If the product of 
concentration (C) times exposure time (T) is linear, one 
would expect to see DRZs in the medium-dose animals 
after 65 days since the C X T for the two studies are similar 
(7 days X 10 mg/m 3 - 70 mg days/m 3 ,65 days X I mg/m 3 = 
65 mg days/m 3 )j In the present study, the medium^expo- 
sure group( 1 mg TPM/m 3 ) after 90 days(65 exposure days) i 
still did not show DRZs and no RAL values higher than 
those of the sham group, indicating that a linear C x T 
extrapolation from the high-exposure 7-day study does not 
fit the experimental data. In addition, the clear presence of 
DRZs in 0.4 ng of lung DNA from the high-exposure group 
(Pig. 3) combined with the absence of similar adducts in 4 
(Figs. 2 and 3) and 8>ig of lung DNA from the medium-ex¬ 
posure group provide a strong indication that the adducts in 
the medium-exposure group, if they exist, are less than one- 
tenth or one-twentieth of those formed in the high-exposure 
group. These data clearly support a nonlinear dbse-re- 
sponse of DNA adduct formation by ADSS exposures, and 
indicate a NOEL of at least 1.0 mg/m 3 . 

The formation of DNA adducts in target tissue is widely 
regarded as a necessary initial event in the multistage pro¬ 
cess of chemical carcinogenesis. A nonlinear dose-response 
in DNA adduct formation with a NOEL could result from a 
number of host factors such as clearance of inhaledl toxi¬ 
cants, detoxification, blocking by nucleophiles, and DNA 
repair. It is significant that ADSS concentrations (0.1 and! 
1.0 mg TPM/m 3 ) which represent above average levels of 
ETS in most indoor environments where smoking is al¬ 
lowed and a 10- and 20-fold increase in concentration, re¬ 
spectively, did not result in any exposure-relhted adducts 
after 90 days of inhalation exposure. None of the concen¬ 
trations tested l significantly increased chromosome aberra¬ 
tions in PAM. THus, under the conditions of these studies, 
ADSS at 1.0 mg TPM/m 3 represents a NOEL for DNA 
adduct formation in lung, heart, and larynx and a NOEL of 
at least 10 mg/m 3 exists for the induction of chromosome 
aberrations in alveolar macrophages. 
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Histopathological Findings in the Rat and Hamster 
Respiratory Tract in a 90*Day Inhalation Study Using Fresh 
Sidestream Smoke of the Standard Reference Cigarette 2R1 
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Methods end Kvahatioiu 


Anlmnh and Mousing - . 

Mtie Sprague Dawley rats, QfcCDBR (Qatles River, GemanyV and male 
Syrian golileo hamatet*. LafcLVCXSYR) (Chattel River. Ui&AO. wen wed, 
the bodyweight at the start of the inhalation period being approximately 200 
and SO g. respectively. The anhniJs wcrebousedUDdcrsuadaidkcd conditions 
(room temperature 22±I , C.rtl*dveIiuiaidity55±lO*, and li£lu-dai!k cycle 
14.5 hours^-S boms) in polycarbonate cage*, type 3. with granulated dnst-ftec 
wood as bedding mated oL Diet and (binldng water were supplied ad libitum 
except during exposure. 
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ASSESSING EXPOSURE TO ENVIRONMENTAL 
TOBACCO SMOKE: IS IT VALID TO 
EXTRAPOLATE FROM ACTIVE SMOKING? 

MU: Reasor, J.A. Will 1 

Department of Pharmacology & Toxicology, West Virginia University Health 
Sciences Center, Morgantown, VW, USA and ’Department of Veterinary 
Science, University of Wisconsin-Madison, Madison, Wf USA 


Abstract 

This review examines the question of whether exposure to environmental tobacco 
smoke (ETS) can be assessed by extrapolation from active smoking. Generali 
problems associated with assessing exposure to ETS and the pathophysiological I 
consequences are discussed. Among the 1 topics presented are the dynamic 
chemical and physical characteristics of: ETS: and exposure assessment using 
airborne and biological markers. The reported pathophysiological consequences 
of ETS exposure are examined in the context of dose and exposure. The conciusioni 
is that it is extremely difficult, if not impossible, to extrapolate from active smoking 
to ETS exposure with any degree ofi reliability. 

Key words: Environmental tobacco smoke, nicotine,, cotinine, adducts, cancer, 
risk assessment, pathophysiology, 


Ir troduction 

Tobacco smoke is an exceedingly complex 
matrix, consisting of several thousand 
constituents. As it is dispersed in the 
atmosphere, its chemical 1 and physical 
complexity cam be increased through 
reactions, among its constituents and 
through: evaporation, condensation, 
coagulation and adsorption or impaction 
onisurfaces [1]. Tobacco smoke as it exists 
in the ambient environment is termed 
environmental tobacco smoke (ETS) and is 
dearly a complex and dynamic material 
whose properties are influenced by num¬ 
erous factors With recent concern: that 
exposure to ETS may present a health 
hazard to the non-smoker (2,3], a number 
cf risk assessments have been published 


dealing principally with the possible refat 
tionship of ETS to mortality and lung 
cancer [4]. Among several approaches 
used for ETS risk assessment has been the 
comparison between exposure to ETS and 
active smoking [5-8] inherent in such an 
approach is the assumption that ETS; is a 
dilbte form of mainstream smoke (MS) 
inhaled during active smoking, and that 
other than the differences in concentra¬ 
tion, exposure conditions are similar. 
Com5id£rab:ie ; information exists concern 
mg the properties of MS and the com 
ditions of exposure during active smoking 
[9,10),, in large part because material can 
be collected under reproducible con¬ 
ditions that simulate those to which the 
smoker is exposed. In contrast, the 
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dynamic nature of ETS precludes its 
characterisation and assessment of ex¬ 
posure to a degree of accuracy possible 
with mainstream smoke. 

Certain criteria must be considered in 
conducting a risk assessment of a material 
[11]. Three of these involve consideration 
of composition and exposure: 

1. A hazard identification, in which it is 
determined whether a particular sub¬ 
stance is causally linked to specific 
health effects. 

2. An exposure assessment in which the 
extent humans are exposed to the 
material has been determined. 

3 . A dose-response assessment, in which 
the amount of exposure to the mat¬ 
erial and the probability of occurrence 
of the specific health effects have been 
determined. It is the purpose of this 
article to examine the question of 
whether exposure to ETS can be asses¬ 
sed by extrapolation from active smok¬ 
ing, 


Characterisation of ETS 

The following discussion will be con¬ 
cerned with cigarettes only: Mainstream 
smoke (MS) is that smoke drawn into the 
mouth through the butt end of the 
cigarette by the active smoker. Side- 
stream smoke ($5) is defined as all other 
smoke emitted frorrv the cigarette with 
the vast majority being the smoke re¬ 
leased from the burning end of the 
cigarette between puffs [12]. In addition 
to MS,, the-active smoker is exposed I to SS 
at levels higher than the non-smoker 
because of the proximity to its genera¬ 
tion. ETS is composed of both SS and 
exhaled mainstream smoke (EMS), the 
matenal exhaled by the active smoker. 
While it is generally accepted that SS 
makes a larger contribution to ETS than 
does EMS, the relative contributions of 
each material I to ETS have not been 
systematically examined. There is some 
evidence that EMS contributes little to the 
gas phase of ETS,, however, it dbes 
contribute significantly to the particulate 
phase of ETS [121. With certain tobaccos. 


EMS may contribute over 40% of the 
particles of ETS. 

The properties of ETS are influenced 
significantly by a number of! considera¬ 
tions including type of tobacco smoked! 
and smoke density, as well as environ¬ 
mental factors such as dilution; ventila¬ 
tion, temperature, humidity, lighting and 
adsorption onto surfaces. Additionally, 
chemical reactions occur changing the 
composition of ETS; e.g* with time after 
generation, nitric oxidb is converted to 
nitrogen dioxide: [12]. The changes that 
occur as ETS lingers indoors are termed 
aging, and contribute significantly to the 
complexity and dynamic nature of ETS! 
Because of these factors, it is impossible 
to provide a definitive chemicalland physi¬ 
cal description of ETS; its character differ¬ 
ing depending on conditions that exist at 
any given time. As a result, little consis¬ 
tent information exists on the characteris¬ 
tics of ETS under ambient conditions ini 
indoor environments that would allow 
generalisations about its composition to 
be made. Because the frequency of puf¬ 
fing and the depth of inhalation, differ 
among smokers, it should I be apparent 
that the relative contributions of SS and 
EMS to ETS will be different! for each 
ambient environment. Therefore, in addi¬ 
tion to environmental factors described 
previously, the chemicall and physical 
properties of ETS are dependent upon the 
smoking patterns that occur in anundoor 
environment. The origins and properties 
of ETS have been reviewed in detail I 
elsewhere [12!]. 

These considerations; notwithstanding, 
numerous studies have been conducted 
in an attempt to characterise ETS. These 
have included' the analysis of freshly 
generated SS, SS allowed to: age in 
controlled environmental chambers,, SS 
allowed to age in well-controlled expert 
mental indoor environments, and ETS in a 
number of typical indoor environments 
Each of these situations has specific limit¬ 
ations as to its usefulness in characterising 
ETS. 

Considerable effort has been directed 
at characterising freshly generated SS as 
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a surrogate for ETS, and much dbta exist 
on th 2 chemical composition of this ma¬ 
terial [13-119]. Serious problems are in¬ 
herent in utilisingithis approach: First, and 
most importantly, ETS is much more 
complex and variable than SS generated 
in the laboratory due to the presence of 
undefined proportions of both SS and I 
EMS and the influence of aging on ETS 
components. Secondly, SS is produced 
und^r conditions that do not necessarily 
represent the smoking pattern of in- 
t dividuals. SS is generated under stan¬ 
dardised! smoking, conditions adopted 
‘ over 20 years ago ini apparatuses that 

• allows it to be rapidly collected for analy¬ 
sis. The conditions are almost! always one 

( jff/min of 2 sec duration and a volume 
i' of 35ml. Since people smoke with dif- 

1 ferent patterns these conditions do not 

necessarily simulate those of most 
i smokers (20], and as ai result, the quant 
tities of materials released into ambient 
l air will likely vary from those generated 
using smoking machines. The same objec- 
tions about standardised smoking con- 
- ditions could! be raised regarding the 
f composition of MS, as well. 

f The environmental conditions present 
during generation will influence the levels 
*: of chemicals in SS. This is illustrated by the 
I effect of the velocity of air passed over 
\ the tip ofi the burning cigarette when 
i generating SS [21]. In this study, the level 
| of dimethylnitrosamine in SS varied as a 
| function of air flow. Flow rates of 250, 
i 500, 1000, and 1500ml of air/min yielded 
| els of dimethylnitrosamine of 90, 250, 
1 530, and 680ng/cigarette, respectively, 
f Therefore, depending on the conditions 
used for generationiand(collection, values 
for SS may vary greatly. This is illustrated 
I; by the wide range of values reported in 
the literature for nearly one hundred 
•; chemicals reported to be present in SS 
[15]. 

Compared to the study, ofi freshly gen¬ 
ii erated SS,, utilisation of environmental 
s; chambers offers the opportunity to ex- 

* l amine the properties under controlled] 

although not' necessarily realistic con¬ 
i'-. ditions. The most extensive examination 


ofi SS-derived ETS under these conditions 
appears to have been performed by 
Eatough and colleagues [14,15,22]. They 
have utilised an unventilated teflon chamr 
ber in studying the properties of ETS 
originating from SS generated I within the 
chamber. Use of the teflon chamber 
permits ETS to be studied in a setting 
where results are not influenced by venti¬ 
lation or surface properties. Under these 
conditions, a comprehensive analysis of 
the chemical composition of the gas and 
particle phases of ETS was performed, 
and the behaviour of the particulate 
phase examined: For example, it was 
observed that nitrogen dioxide was the 
major inorganic acid present in the gas 
phase of ETS; and nicotine, 3-ethenyl- 
pyridine, and pyridine were the principal 
nitrogen bases present. Major particulate 
phase organic compounds were nicotine, 
mysomine, solanesol, nicotyrine and coti- 
nine. Greater than 95%■ of the nicotine 
was present in the gas phase. As the ETS 
aged, particles underwent at least three 
changes, Particles deposited on the wall 
of the chamber, they coagulated increas¬ 
ing in size, and evaporation from the 
particles was also significant. The effect of 
UV radiation was also examined, and it 
was noted that the level of gas phase 
nicotine decreased! with a concomitant, 
but less than stoichiometric increase in 
particulate phase nicotine. An important 
class of compound^, the nitrosamines 
were not examined in this system. It: will 
be of considerable interest when the 
levels and! behaviour of the volatile and 
tobacco-specific nitrosamines are exam¬ 
ined under such controlled conditions. 

Using a stirred stainless steel chamber 
to study the properties of ETS ; it was 
reported that smoke particles underwent 
evaporation over the first few hours [23]. 
As the ETS aged, particle size increased! 
due to a combination of coagulation and 
removal of smaller particles by deposition 
on the surface of the chamber. Similar 
observations have been made using a 
ventilated steel chamber [24]. 

The decay of a number of SS-derived 
components has also been studied in a 
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mon-ventilated glass and stainless steel 
chamber [25]. In particular, polycyclic 
aromatic hydrocarbons (PAHs) decay at 
different rates dbring aging depending on 
their molecular weights; PAHs below 156 
daltoms had a longer half-life than those 
above this value. As with other experi¬ 
mental systems, nicotine decayed more 
rapidly than particulate material. 

Studies have been reported using a 
modified trailer in which conditions can 
be controlled with respect to ventilation, 
temperature, humidity, and circulation 
[15,221, Such an environment can be 
made to simulate closely ambient indoor 
conditions. Some important observations 
were made concerning the behaviour of 
SS-derived ETS in this setting which were 
similar to those of other workers [12]. For 
example, the absolute decay of various 
constituents of ETS was primarily control¬ 
led by the rate of ventilation: The rate of 
dbcay of nicotine was the most' rapid 
of the components studied, while the 
NGx-NO species were the most stable. 

While controlled chamber studies have 
provided useful information about ETS, 
the results must be interpreted with a 
degree of caution. These conditions only 
partially simulate the ambient environ¬ 
ment in; which non-smokers are exposed 
to ETS. For example, no studies have 
examined the behaviour of ETS when 
persons are present in the chamber or 
when ETS has been generated by smokers 
so that EMS is also present. In an effort to 
obtain realistic data on« ETiS exposure, 
numerous studies have examined selected 
chemicals^and particles in ETS under a 
variety of ambient conditions [26-32]. 

Problems exist in the interpretation of 
these data, as well. In general, only a few 
substances have been investigated! in 
each study, with sampling performed, 
over single periods of relatively short time 
(24 h or less). Such a sampling protocol 
will fail to describe the daily variations in 
ETS levels that exist in indoor environ¬ 
ments as well as fail to provide a measure 
of chronic exposure. The lack of specificity 
of most of the measured substances for 
ETS (e.g. carbon monoxide and respirable 
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suspended particles) limits conclusions 
that can be drawn about the composition i 
of ETS in these studies. 

Exposure assessment methods and 
interpretations 

It should be clear that there is no defined, 
reproducibly characterised entity known 
as ETS, rather it is a constantly changing 
substance influenced by numerous en¬ 
vironmental and personal factors. At pres¬ 
ent, the published research represents 
little more than a broad representation of 
the nature of ETS. Therefore, it is currently 
not posssiblk to compare the risks, if any,, 
of exposure to ETS with those reportedly 
associated with active smoking based on 
the chemical compositions of: each of 
these materials. 

As an alternative solution to the prob¬ 
lem of characterising ETS:, several I 
approaches have been utilised to assess; 
ETS exposure with the goal of predicting! 
possible related health effects.. These 1 
efforts have involved the assessment of 
exposure by use of questionnaires, mod¬ 
elling, surrogate airborne markers, andl 
the assessment of internal dose by use of 
biological markers (biomarkers). 

Reliance on questionnaires albne ten 
assess exposure is fraught with numerous; 
problems including lack of standardisa¬ 
tion and validation, responder bias andl 
potential misclassification of subjects. At 
best their use represents an indirect mea¬ 
sure of exposure and cannot provide any 
quantitative information on specific or 
total exposure levels or doses of biologi¬ 
cally relevant chemicals at target sites. 
[33-36]i Questionnaires can have valbe 1 
when used as part of a more comprehen¬ 
sive exposure assessment. For example, 
an index of exposure has been developed, 
which includes questionnaires as one 
component, along withia daily diary, that; 
correlates well with nicotine collected by 
a personal monitor [37]. 

Modelling has been used to assess, 
concentrations of ETS constituents and to 
estimate exposures [5,6,38]. Data from 
other studies are normally used in the 
modelling and, additionally, this approach 
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requires assumptions which generalise 
and often oversimplify the exposure con¬ 
ditions. 

The use of airborne markers and 
biomarkers offer the best opportunity to 
assess exposure to ETS. Unfortunately, 
reliance on either of these assessments 
alone for such a complex and dynamic 
mixture as ETS may result ini misleading 
information. For example, the external 
dose may not be related to the internal 
dbse as absorption; distribution metabol¬ 
ism andi elimination may differ among 
individual! components (particles, waterr 
( nibble chemicals, organic materials)- The 
. presence of a biomarker in a non-target 
tissue does not necessarily correlate with 
the level of a potentially toxic species at 
; the critical cellular site nor whether a 
: disease will result. These limitations in the 

use of airborne and biological markers are 
present when applied to exposure assess¬ 
ment for ETS. 


Assessment of external exposure 

Due to the complex chemical and physical ' 1 
nature of ETS, investigators have relied on 
tracers, or surrogates, in measuringiexter- 
nal exposure to ETS. The National Re- 
searchi Council [2] has provided criteria 
5 which should! be satisfied in usingj a 
\ surrogate for ETS: 

* 

. It should be unique or nearly unique to 
; ETS. 

' 2. It should be present inisufficient quan- 

■ tity that concentrations can be easily 
t detected in air, even at low smoking 
? rates. 

| 3. It should be characterised by similar 

; | emission rates for a variety of tobacco 
J products, 

;J 4. It should be in a fairly, constant ratio to 
\ the components of interest under a 
j 5 range of environmental conditions en- 
| countered and for a variety of tobacco 

l products, 

ff 

( Unless the first criterion is fulfilled, the 
remaining criteria are of less significance. 


To date, no single material has satisfied 
these criteria, 

Respirable suspended particles (RSP) 
and nicotine have been used most fre¬ 
quently as surrogates for ETS. The use of 
RSP fails to satisfy the first criterion 
because of its lack of specificity to ETS. 
There is a significant level of background 
RSP not related to ETS in the indoor 
environment. This has beeni demon¬ 
strated using the property of ultraviolet 
absorption of RSP as representative of the 
ETS-specific portion of RSP [29,3Q]1 In 
several environments where smoking was 
permitted, it was found that ETS contri¬ 
buted less than 40% of the particles in 
the indoor environment If RSP in an 
indoor environment is to be attributed to 
ETS, it is necessary to rule out all other 
sources of RSP. This has not' been done 
satisfactorily in the studies, reported to 
date. 

While the measurement of RSP may 
serve as an index of exposure, it is not a 
measure of the dbse or the amount of 
particulate material that will be retained 
in the lungs of those exposed' It is the 
amount of material retained in the lungs 
that is believed to have a relationship to 
health effects, not the amount to which 
a person is exposed. In fact, the relative 
retention of ETS particles has never been 
measured. 

Different deposition patterns are to be 
expected for the particles in ETS and 
those in MS because of the different 
breathing patterns of the two population 
groups, An active smoker inhales MS by 
mouth often with a deep inhalation fol¬ 
lowed by a prolonged respiratory pause: 
Such, a manoeuvre increases residence 
time of particles and gases in the entire 
respiratory tract, optimising conditions for 
deposition. In contrast; a non-smoker 
would inhale ETS principally through the 
nose using a regular breathing pattern 
which is much more shallow than that 
used by active smokers. The shallow 
breathing pattern would reduce the de¬ 
gree of pulmonary deposition of particu¬ 
late materials of ETS in non-smokers 
compared to MS in the active: smoker. 
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Risk assessments for lung cancer have 
been performed using estimated ex¬ 
posure to RSP from ETS [6,39]! The values 
used in these calculations were depen¬ 
dent on a number of assumptions that did 
not consider the limitations of using RSP 
as a surrogate for ETS. Consequently, the 
risk values are open to question. 

Nicotine has been measured in ambient 
air using area sampling [40-42] and with 
personal samplers [37,43,44]. Personal 
samplers monitor the immediate environ¬ 
ment of the subject permitting a more 
accurate assessment of personal exposure 
than occurs with area sampling. While 
airborne nicotine would be specific for 
ETS, problems exist in using it as a 
surrogate. Nicotine in ETS is principally in 
the gas phase [15], while nicotine in MS 
is almost exclusively in the particulate 
phase. Therefore, in ETS, nicotine would 
be servingias a surrogate for gasTphase 
components only. 

Additionally, nicotine in ETS decays 
more rapidly than other gasxphase com¬ 
ponents [22], in large part diae ten its 
adsorption onto surfaces. It is likely that, 
once smoking has stopped in a room, the 
adsorbed nicotine will be slowly released 
back into the atmosphere. If this occurs, 
a low level of airborne nicotine may be 
present in an area where smoking had 
not occurredl for some time giving an 
inaccurate representation of totall ETS 
exposure. 

The ratio of RSP/nicotine has been 
discussed as a possible monitor for ETS in 
ambient environments, and in particular 
as a means for quantifying the ETS- 
specific RSP [45]. Laboratory studies have 
given an average ratio of 13:4. Using 
valdes for RSP and nicotine from field 
surveys, it has been concluded that the 
relationship between these two materials 
is too variable to use for predictive pur¬ 
poses [46]j 

The mutagenic properties of RSP have 
been usedito assess exposure to ETS [26]; 
The principal problem with this approach 
is the interpretation of the results. The 
significance of the presence of airborne 
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mutagens has not been established nor 
have quantitative measures of retention 
of mutagenic materials been; obtained. 
Because of these uncertainties, the mea¬ 
surement of airborne mutagenicity has 
provided little information in assessing 
exposure to ETS. 

To date no single material satisfies the 
criteria as a i marker for ETS. Conseqqent[y, 
it has not'been possible quantitatively to 
assess the external dose of ETS a non- 
smoker receives. 

Assessment of internal dose 

As an assessment of exposure to ETS, 
biomarkers can serve as surrogates for the 
internal dbse received. Criteria:have been 
proposed that an effective marker should 
satisfy [47]: 

1. It should be tobacco-specific in order 
to be certain of its origin. 

2. It should have a long half-life so that 
it serves as an index of exposure over 
an extended period of time. 

3: The marker should give aivalid indica¬ 
tion of the health risks of exposure: 

4. Analytical techniques should be avail¬ 
able that'can reliably and conveniently 
measure the low levels of the marker 
present ini non-smokers exposed to 
ETIS: 

Biomarkers of ETS exposure have been 
measured in biological fluids of humans. 
Several biomarkers have been utilised 
with varyingi degrees of success in the 
assessment of exposure to ETS, including 
nicotine and cotinine in saliva, blood, and 
urine, DNA and protein adducts in blood, 
and mutagenic activity, in' urine. From 
these results, investigators have drawn 
conclusions about exposure,, risk of dis¬ 
ease, and mortality. 

When interpreting studies in which 
biomarkers have been used to assess 
exposure or risk,, a number of factors 
must be considered [48]: Data on variat 
tion among individuals in absorption, 
metabolism (includingi bioactivation and 
detoxication), kinetics, distribution, ex¬ 
cretion, binding to macromolecules and 
cellular repair must be evaluated. In the 
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use of biomarkers for assessment of 
exposure to ETS and assessment of potent 
tial health risks, such considerations have 
not been i employed consistently: 

Biomarkers such as nicotine, or one of 
its metabolites; cotinine, in body fluids 
have been used to assess internal ex¬ 
posure to ETS [41,48—50]. In general, 
salivary and 1 urinary cotinine provide the 
best relationship with self-reported ex¬ 
posure to ETS [47,51]. Levels of cotinine 
in. body fluids tend to correlate directly 
with the number of smokers in the 
household, the number of hours of ex+ 
posure, the number of smokers among 
| uaintances, and are higher in non- 
sr i iokers married to smokers than iin those 
r'tarried to non-smokers. 

Nevertheless, significant! limitations 
exist in the use of nicotine or cotinine to 
assess exposure to ETS. At best, levels of 
■ nicotine or cotinine are useful qualitatively 
to assess exposure. Too many limitations 
' exist for them to be considered quantita¬ 
tive dosimeters from which risk can be 
: estimated! [52] In virtually ail studies 
l reported, single samples are taken in the 
\ assessment of exposure. Such values are 
; an index of exposure at a specific point in 
l time and do not represent the cumulative 
\ exposure that would be required properly 
Ji to evaluate exposure to ETS. importantly, 
ttie vast majority of nicotine in ETS is in 
;; the gas phase while nicotine in MS is 
predominantly in the particulate phase 
rr '\53). Therefore, values for nicotine or 
cyanine in body fluids represent the 
! inhalationiof physically different materials 
in the two exposure groups making their 
comparative use questionable. Additionally; 
gas-phase nicotine and particulate-phase 
nicotine decay at different rates under 
experimental conditions [22]. Levels of 
nicotine or cotinine in body fluids provide 
no information on exposure to other 
chemical^ particularly those in the parti¬ 
culate phase which are believed to have 
the most relevance to potential adverse 
' health effects; 

It was once thought that one of the 
attractive features ofi using nicotine and 
cotinine as biomarkers was their tobacco 


specificity. Recent: studies; indicate that 
nicotine is not unique to tobacco. A 
number of vegetables in our diet have 
been shown to contain nicotine [54,55]. 
The fact that nicotine, and consequently 
cotinine, can arise from non-tobacco 
sources complicates the interpretation of 
the Ibw-level values of these chemicals 
that are measured in the body fluids of 
non+smokers. 

Cotinine is only one of a number of 
metabolites of nicotine and evidence is 
now indicating that nicotine-n-oxides or 
trans 3'-OH-cotinine, rather than.cotinine, 
may be the most abundant metabolites of 
nicotine in the urine [56-58]. Cholerton 
ef ai f [56] report a larger coefficient of! 
variation for cotinine than other nicotine- 
derived metabolites in the urine of smokers. 
Variations imthe metabolic formation of 
cotinine among non-smokers would 
further confound the interpretation of 
cotinine levels, 

Complicating this problem even further 
are pharmacokinetic factors, Nicotine 
appears to be metabolised at different 
rates in smokers and non+smokers [59-61]. 
The half-life of nicotine in plasma appears 
to be shorter for smokers than for non- 
smokers, therefore, the relative relation¬ 
ship of values between the two groups 
will differ depending upon the time of; 
sampling. 

Both intralaboratory, and interlabora¬ 
tory variations have been reported for 
urinary cotinine values [62;63]; indicating 
that comparisons of values among labor¬ 
atories should! be made with 
caution. Such methodological! considerat 
tions are of particular significance when 
values are low as is the case with ex¬ 
posure to ETS. 

It seems evident that the measurement 
of cotinine in body fluids will likely pro¬ 
vide misleading information regarding the 
quantitative exposure to ETS. Considering 
the factors discussed, a compelling argu¬ 
ment can be made against:usingj nicotine 
or cotinine values for either a quantitative 
comparison of exposure between i smokers 
and those exposed to ETS or in an 
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attempt to assess the possible risk of 
exposure to ETS. 

Urinary cotinine as a predictor of Health 
risks of exposure to ETS should be used 
with caution [641. Nevertheless, a risk 
assessment estimating ETS-related morr 
tality has been mad£ using such valbes. 
One study reported that urinary nicotine 
values in non-smokers were 0.7% of the 
level found in smokers [8] and the 
assumption made that there are prema¬ 
ture deaths from the inhalation i of ETS 
which may be approximately 0.7% of 
that due to active smoking resulting in 
1,000 deaths a year in Great Britain and 
4,000 deaths a year in the United States. 
No consideration was given to the limit¬ 
ations in the use of this marker. Addition¬ 
ally, the authors assumed that the 
relationship of dose-to-risk is linear 
between these two exposure extremes, 
an assumption that has not been shown 
to be valid. Clearly, this risk assessment is 
overly simplistic and confounded by a 
number of; significant conceptual prob¬ 
lems. 

Wigle etaf. [651, used values for urinary 
cotinine of active smokers and non- 
smokers exposed to ETS to assess the 
relative exposures of nomsmokers to 
components of tobacco smoke that have 
been reported to be toxic. They con¬ 
cluded that persons exposed to ETS for 20 
or more hours per week have exposures 
to six compounds that have been desig¬ 
nated as known or probable humani 
carcinogens which are at least; 2% of 
those of active smokers and, for certain of 
these compounds, may be more than 
20%. In arriving at these estimates, the 
authors made a number of assumptions 
which ; ignore the complexity, of the ex¬ 
posure situation. In particular, SS was 
used as a surrogate for ETS. Such a 
premise is clearly inappropriate and! in¬ 
validates any quantitative relationships 
that might be developed. 

DNA and protein adducts have been 
utilised as biomarkers to assess internal 
exposure to ETS. Adducts are products 
derived from covalent reactions between 
chemicals and biological material such as 

118 


DNA and proteins. The formation of DNA 
adducts is reported to be associated with 
mutagenesis and carcinogenesis [66,67], 
and adducts are viewed as markers of the 
biologically effective dose of carcinogens 
in humans. Recent evaluation of the role 
of adducts in carcinogenesis indicates 
that the relationship may not be as direct 
as initially thought [68]. 

In spite of the lack of correlation 
between adduct levels and cancer in a 
number of studies [69-72] considerable 
interest continues in their use as molecu¬ 
lar dosimeters for carcinogenesis. 
Although studies have started to examine 
their possible role in the assessment of 
exposure to ETS, little useful information 
currently exists in this context. 

For many chemicals, adduct formation 
following metabolic activation is a neces T 
sary, but not sufficient, event to initiate 
carcinogenesis [73,74], The formation of 
adducts may not occur on a region of the 
genome that is critical in the carcinogenic 
process. The role of DNA repair must also 
be considered [75,76). The variability in 
repair capabilities in humans [77], will! 
influence the level ofi adducts present in 
a tissue. Additionally, genetic polymorph¬ 
ism of drug metabolism in humans has 
been shown to result in wide inter¬ 
individual capacities to 'activate carcino¬ 
gens metabolically [78). Because cancer is 
a multistage process, and because the 
level of adducts may be influenced by a 
multitude of factors including diet [79] it 
is thought to be unlikely that DNA 
adducts will provide precise quantitative 
dosimetry for predicting cancer risk [80], 
particularly where the level of adducts is 
as Ibw as observed for ETS exposure. 
Another line of research in this area 
involves proteins as target molecules for 
adduct formation with the goal of serving 
as a surrogate for DNA adducts [81]. 
Because of its abundance, haemoglobin 
has been used to monitor adduct levels 
associated with exposure to tobacco 
smoke [82,83i]. 

A potentially attractive aspect of the 
use of adducts as a dosimeter for ETS 
exposure, is that they may be useful in 
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monitoring exposure, at least qualitatively, 
on a more chronic basis than with other 
markers. To date, no tobacco-specific 
adduct has been identified that is capable 
of fulfilling this goal. Adducts of 4-amino- 
biphenyl-haemoglobin (4-ABP-Hb) and of 
benzo[a]fryrene diol epoxide-1 !-DN A 

(BPOE-1-DNA) in white blood cells have 
been compared in smokers and non- 
smokers [82—84], VWhile both 4-ABP and 
benzo[a](iyrene (BP) have beeni classified 
as carcinogenic, neither is tobacco- 
specific. Levels of 4 L ABP-Hb adducts have, 
however, been used to distinguish smokers 
non-smokers. The levels of 4-ABP- 
adducts ini non-smokers have been 
reported! to be about one fifth the level 
found in smokers [82,83]. In one study, 
BPDE-1-DNA adducts were of little value 
in distinguishing the two groups [83]. 
Over a 48 hi period, there was little 
consistency in the presence of! adducts in 
smokers, with many smokers having no 
detectable levels. Additionally,, there was 
no apparent correlation between the level 
of 4-ABP-Hb adducts and the Ibvel of 
BPDE-1-DNA adducts in either group. 

Adducts of 4-ABP-Hb and 3-ABP-Hb 
have been measured I in the blood of non- 
smokers with varying degrees of exposure 
to ETS as assessed by the presence or 
absence of detectable serum cotinine 
[82]. In i non-smokers exposed I to ETS, the 
4 L ABP-Hb levels were about 40-fold 
hi-^er than the Ibvel of 3-ABP-Hb which 
irV ,any subjects was below the limit of 
detection. Due to the lack of a clear cut 
effect of ETS exposure on 4-ABR-Hb 
adduct ievels, and the inconsistent detec¬ 
tability of 3-ABP-Hb adducts, the useful¬ 
ness of these markers to discriminate 
non-smokers exposed to ETS from those 
who are not exposed, appears; question¬ 
able 

Recent studies indicate that the turn¬ 
over of adducts may be more rapid than 
originally thought, limiting their useful¬ 
ness to monitor chronic exposure. While 
the lifespan of haemoglobin is 120 days 
[81 ]. levels of 4-ABP-Hb adducts in smokers 
returned to background levels in 6-8 
weeks following cessation of smoking 


[82]. MMK is a tobacco-specific nitrosation 
product of nicotine that is present in MS 
and SS and!has been classified as carcino¬ 
genic in animals [85]. Removal of adducts 
induced by the injection of NNK, has been 
examinedlin rats [69]| Rates of removal of 
different adducts in target tissues was 
variable and rapid, occurring within sev¬ 
eral days. These data indicate that NNK- 
induced addOcts may not be useful as a 
dosimeter for tobacco smoke exposure. 

A very sensitive method for examining 
the presence of addbcts is 32 P post- 
labelling. This technique provides a semi- 
quantitative estimate of the adddct level 
in a tissue: At present, there has been 
little application of this technique in 
assessing exposure to ETS. !h spite of its 
sensitivity, there are limitations associated 
with the 32 P post-labelling technique. It 
does not allbw identification of the 
adduct, and basal levels of adducts are 
reported to increase with age, at least in 
animals [86]. Using this technique, no 
increase in DNA adducts was reported in 
monocytes of non-smokers heavily ex¬ 
posed to ETS [87] | 

In order to compare the potential risks 
of exposure to ETS with those reported 
for active smoking, an extrapolation from 
Hiigh-dbse exposure to low-dose exposure 
is required. DNA adducts have been 
proposed as a means, to db this. Tlhe 
relationship between external dose and 
biological dose, as assessed by DNA 
adducts, is dependent on the absorption, 
distribution, metabolism and excretion of 
the chemical of interest. The intenpretar 
tion of biological dose using DNA adducts 
is influenced by several factors, including 
the location of the adducts on the genome 
as well as the mutagenic efficiency of the 
material, including the base that is modified 
and the effectiveness of the repair pro¬ 
cess. Additionally, for certain: chemicals, 
the level of adduct formation is not 
linearly related to the dose administered. 
From the existing data, no absolute in¬ 
formation is available relating the pre¬ 
sence of adducts to a quantitative or 
qualitative assessment of exposure to ETS. 
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As a measure of exposure t0> ETS, 
studies have been conducted on the 
capability of concentrated extracts from 
the urine of non-smokers and persons 
exposed! to ETS to induce mutations in 
bacteria [88-94J. The rationale behind 
this approach is that the presence of 
mutagens in the urine may be an indica¬ 
tion that the person has been exposed to 
chemical that can ultimately induce can¬ 
cer. Compared to the mutagenicity of the 
urine of smokers, activity in the urine of! 
those exposed to ETS is quite low, variable 
and not always above background levels. 

A number of problems exist with the 
studies attempting to relate urinary muta¬ 
genicity to ETS exposure. The experimen¬ 
tal conditions of exposure to ETS have 
often been unrealistic in comparison to 
that occurring in the ambient environ¬ 
ment. Methodological differences exist 
among studies possibly contributing to 
some of the inconsistencies. The studies 
have not always been controlled for the 
presence of dietary mutagens, an irnporr 
tant confounding factor [95). importantly, 
the putative mutagens have not been 
identified; Finally; the biological signifi¬ 
cance of low-level mutagenicity in urinary 
concentrates has not been established. 
Due tothese factors there is little reason, 
at present, to believe that urinary muta¬ 
genicity can be used to assess exposure to 
ETS or to assess risk to cancer [93:]. 

Extrapolation models 

An important consideration in the dose- 
response analysis of risk assessment is the 
extrapolation model used at The low-dose 
end of the curve. Traditionally, the linear 
non-threshold dose-response model has 
been used in the quantitative risk assess¬ 
ment of carcinogens. Current evidence 
brings this concept into question [96] and 
necessitates a rethinking of this process, 
The theory presented! is that, at low 
doses, initiation may occur but unless 
exposure to high doses of promoters then 
occurs, tumours will not develop. This line 
of reasoning has considerable impact on 
the procedures used for analysing low- 
dose exposure as it relates to extrapote- 
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tion of cancer risk from active smoking to 
exposure to ETS. 

Ihi spite of the distinct differences in 
dose received from active smoking and 
exposure to ETS, the extent of exposure 
to ETS and active smoking: has been 
compared through the use of cigarette 
equivalents [21,40,43,46,47,65,97]. This 
approach attempts to convert exposure to 
ETS into am equivalent exposure from 
active smoking with the assumption that 
the risk from ETS exposure is proportion¬ 
ally comparable to the risk from active 
smoking. This procedure is am oversimpli¬ 
fication of the exposure conditions and 
will provide potentially misleading infor¬ 
mation [3]. 

Pathophysiological consequences and 
implications 

As indicated above, it is extremely difficult 
to extrapolate from active smoking to ETS 
exposure with any degree of reliability, 
Similarly, the data do not point to consis¬ 
tent evidence of pathophysiological com 
sequences of ETS based on exposure and 
dose. Some examples will be presented to 
illustrate this point. 

Several studies have reported that, 
functionally, smokers may have reduced 
ventilatory function at rest and a reduced 
exercise capacity with a greater oxygen 
debt accumulation [98-101]. For ETS- 
exposed nomsmokers; the effects on ven¬ 
tilatory function and exercise capacity 
reductions are not consistent. While a few 
studies show some functional! impair¬ 
ment, the majority do not. First ofialll.it:is: 
difficult to determine if the test situation 
mimics real-life exposure. The conditions 
to which subjects are exposed are ofteni 
not relevant to ETS exposure. One study 
where subjects were passively exposed to: 
cigarette smoke illustrates this point: 
[102]. After drawing the puff through the 
apparatus consisting of a solenoid, cap¬ 
acity vessel and pump, the MS was 
discharged into the test room along with 
the SS. Therefore, the subjects were 
essentially breathing diluted quantities of 
the same constituents as an active smoker. 
The exposure conditions were also rather 
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extreme. Initial! concentrations of! particu¬ 
late matter were >4mg/m 3 and carbon 
monoxide levels were 24 ppm. After 2 hj 
the particulate concentration dropped to 
only 2mg/m 3 . Therefore, these conditions 
are not representative of ambient ETS 
exposure: 

Even in this study [1102], no change was 
found!in the FEVt of the subjects at rest. 
When bicycle exercise was performed; the 
only change found was a slight increase 
in heart rate at two to five time points 
that was statistically significant but not 
biologically important. 

.mother problem in trying to identify 
possible effects of ETS on pulmonary 
function is the inaccurate or broad I ranges 
of exposure as represented! in either the 
ETS-exposed or -unexposed groups. Usual 
confirmation of ETS exposure or lack of 
active smoking is through; questionnaires 
without chemical confirmation. No mat¬ 
ter how limited chemical confirmation 
techniques are, questionnaires are less 
reliable. Most epidemiological studies in¬ 
volve spousal! exposure and ignore 
whether smoking occurs in the home to 
any significant degree or whether spousall 
exposure is compounded by workplace or 
social exposure: Intuitively, it might be 
expected that smokers socialise with 
others who also smoke more often than 
db non-smokers. The other majpr con¬ 
sideration may be tied to the general 

alth status or awareness, of smoker 
Households compared to non-smoker 
households. It would seem very important 
to match groups for diet and exercise as 
well as other health; indicators. 

Functional studies 

In contrast to the studies reported on MS, 
it would appear that there is little agree¬ 
ment among studies as to the effects of 
ETS on pulhnonary parameters. Even 
within studies, unexplainable peculiarities 
appear that raise questions of reliability 
Certain age groups of particular popula¬ 
tions are found to foe affected where 
other population segments in the same 
study show increased pulmonary function 
capability. In a comprehensive review of 


this subject the results of studies were 
regarded! as being too variable to permit 
a conclusion concerning long-term ETS 
exposure and possible impaired! respira¬ 
tory health or pulmonary function in non¬ 
smoking adults [1103] 

Studies typically are further compli¬ 
cated by the possibility of suggestibility. 
Suggestibility is the reverse of the placebo 
effect: These studies are performed to 
determine the magnitude of the psycho¬ 
somatic effect and hope to answer the 
question: "If the subject expects an 
adverse effect to occur, will; this foe 
reflected in a measurable response?" 
Here again, there is no good agreement. 
One study reports a 50% increase in 
airways resistance following a positive 
suggestion that the subject would be 
breathing a substance that may, be irritat¬ 
ing and make it harder to breath [104]. In 
another study, subjects who could easily 
tell whether or not they were breathing 
the smoke, were exercised at a level to 
increase minute ventilation to about 2.5 
times resting ventilation. These subjects 
showed a dose-related response to sham 
or zero smoke, and two levels of BTiS. 
exposure [105]. The magnitude of change 
in pulmonary function parameters was 
minor in most cases and of no physiologi¬ 
cal significance. The experiment was 
flawed by the failure clearly to separate 
the pyschological influence from the phy^ 
siological effects and to establish any real 
controls, whereas the previously cited 
study [104]!unquestionabiy separated the 
two components. Furthermore, in this 
study [105] it appeared that all smoke, 
including the MS generated by the smok¬ 
ing machines, was presented,to the sub¬ 
jects. 

Tlhe question of allergic response to 
tobacco smoke has been raised frequently 
and was investigated by McDougall and 
Gleich [106]] who reported that tobacco 
and tobacco smoke allergies were not 
demonstrable. It might thus be concluded 
that most of the apparent irritation in,the 
presence of ETS is psychologically based. 

When considering asthmatic patients, 
where active smoking; has sometimes 
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been reported to be caDaoie of triggering 
attacKS, the evidence is not well estab¬ 
lished for ETS. Pulmonary function tests of 
asthmatics produced no change in expira¬ 
tory flow rates, However methacholine 
challenge did produce a slight but signifi¬ 
cant increase in airway reactivity [1107]. 
Other investigators studied the effects of 
ETS on asthmatics and found variable and 
inconclusive results in pulmonary func¬ 
tion, but again found I the increased I reac¬ 
tivity to challenge; this time to histamine 
[108] ; The results seem reasonable; 
however the regimen was not clearly 
stated. The mixing of MS and ETS may be 
a confo&nding problem of this study, as 
well. Ini summary, these results suggest a 
highly variable functional response to ETS 
eveni under laboratory conditions. 

Cancer types , locations and frequencies 

Use of tobacco products has been re¬ 
ported to be associated with; cancers of 
various types and in various organ sys¬ 
tems depending upon the tobacco pro¬ 
duct used. A review which addresses the 
comparisons between active smokingiand 
exposure to ETS, concludes that more 
research needs to be done to demom 
strate a strong association! between ETS 
and cancer in the non-smoking popula¬ 
tion; [109]. 

These authors begin; with the hypoth¬ 
esis that the association between ETS and 
lung cancer must be possible based on 
the evidence from active smoking. They 
themexamine the criteria set forthun the 
Surgeon ^General's report of 1964, and 
cite the inconsistencies in the resuits, of 
both prospective and case-control 
studies. They make a specific point of the 
necessity for carefully documenting 
tumours using good histopathological 
techniques, in their, own previously re¬ 
ported and unreported studies, they 
found that there is a preponderance of 
Kreyberg type I class tumours associated 
with smokingi In never-smokers; the pre¬ 
ponderance of tumours are classified as 
Kreyberg type II. Within these catogories 
the squamous cell type; (type I) was 
predominant in smokers, "with lesser but 
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significant causative effect on the glandular 
type". In nontsmoxers, the predominant 
type is the glandular; adenocarcinoma 
type II tumour. Other authors [1110—11 ll 
suggest that ETS is limited to squamous 
cell types of tumours. If this; is the case, 
the numbers of! tumours potentially attri¬ 
butable to. ETS would I be very small 
considering the Ibw incidence of this type 
of lung cancer in non-smokers. There is 
some support for squamous cell tumours 
being the most likely to be caused by ETS 
[112], quoted by the US Surgeon General 
11113). In a closely monitored study in 
Olmsted County, Minnesota, Beard and! 
his colleagues found that the incidence 
rate for squamous cell tumours dropped! 
remarkably in the 1965-1974 1 period, 
presumably as smoking decreased. Small! 
cell tumour incidence, also associated 
with smoking, decreased but not as dra¬ 
matically. The inciaence of adenocarcino¬ 
ma continued! to rise. There are several 
conclusions that can be drawn: 

1.. If DaJager et af, [110] and Pershagen 
et ai, [1 111] are correct in concluding 
that squamous cell and! small cell 
tumours are the predominant types 
associated with both smoking and 
exposure to ETS, then the risk of lung 
cancer from ETS is very small since this 
tumour is rare in non-smokers. 

2. Since adenocarcinoma of the lung 
continued to rise in the Olmsted 
County study and is purported by 
some investigators to be the pre¬ 
dominant type for ETS exposure, the 
association between ETS and! adeno¬ 
carcinoma is incorrect, meaning that 
some other cause is associated with 
the development of adenocarcinoma 
of the lung. 

3. ETS may not, in fact, cause cancer of 
the lung at all, or if, it does, perhaps it 
is associated with several types of 
tumours but not at awery high;level. 

Regardless of who is correct, more 
careful documentation is necessary of the 
histological types and incidence of lung 
tumours in order to determine an accu¬ 
rate andi meaningful! risk. 
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Conclusions 

Since ETS has noti been, adequately 
characterised, there are insufficient data 
on which, to base a hazard analysis. 
Accordingly, there are not enough data 
available on which to base an exposure 
assessment for ETS. Due to the dynamic 
nature of ETS, it is impossible to relate ETS 
to MS chemically or physically. In the 
absence of this relationship, it is in¬ 
appropriate to make any extrapolations 
from what is reported about the effects 


of active smoking to possible effects of 
exposure to ETS. Therefore, any calcula¬ 
tion of risk from exposure to ETS based 
oniextrapolations from calculated risks of 
active smoking is, at best^ not reliable 
and, most probably, of no valbe what¬ 
soever,. It is important; therefore, to con¬ 
sider ETS as a distinct entity, and further 
research is needed to test hypotheses 
based on valid protocols that meet the 
criteria established for the epidemiology 
of weak associations. 
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